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Abstract 

This  thesis  examined  several  existing  cost  estimating  data  bases.  In 
addition  to  examining  these  data  bases  a  survey  was  taken  amoung  Air  Force 
Civil  Engineering  design  personnel  to  determine  which  estimating  system  is 
currently  in  use  and  what  factors  effect  the  final  costs  on  construction 
projects.  Based  on  the  results  of  the  surveys  an  estimating  program  was 
developed  to  enable  the  designer  to  input  local  cost  data  and  store  the 
data  for  future  use.  With  the  data  base  in  place  the  designer  is  able  to 
create  accurate  cost  estimates  in  less  time  for  each  particular  project 
and  have  the  project  data  stored  under  the  particular  project  name/code. 
The  computer  programs  developed  for  this  thesis  were  written  in  BASIC 

language  and  compatible  with  the  WANG  VS  100  system. 
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FORMULATION  OF  A  CONSTRUCTION  COST  ESTIMATING 


PROCEDURE  TO  AID  DESIGNERS  IN  PREPARING 
DETAILED  CONSTRUCTION  COST  ESTIMATES 

I.  Introduction 

General  Issue 

The  Federal  Acquisition  Regulation  (FAR)  36.203(a)  requires  that  an 
independent  cost  estimate  be  prepared  for  all  construction  projects 
estimated  to  cost  over  $25,000.  The  Government  estimate  is  to  be  given  to 
the  contracting  officer  at  the  earliest  practicable  time  for  each 
contract.  The  FAR  requires  that  the  estimate  be  prepared  in  as  much 
detail  as  if  the  Government  were  competing  for  the  award  along  with  the 
contractors  (6:36-2). 

The  difference  between  bid  prices  and  the  government  estimates  has 
been  an  area  of  continuing  concern.  In  1973,  concern  about  the  difference 
between  bid  prices  and  government  estimates  lead  Hr.  Laird,  then  Secretary 
of  Defense,  to  establish  the  Office,  Secretary  of  Defense  Cost  Analysis 
Improvement  Group  to  help  validate  government  estimates  (7:3).  Despite 
such  high  level  attention  the  problem  persists.  One  1984  study  found  that 
in  over  50  percent  of  the  actions  examined  the  government  estimate  varied 
by  more  than  20  percent,  high  or  low,  when  compared  to  the  bid  price 
(12:2) . 

Problem  Statement 

The  FAR  requires  a  detailed  cost  estimate  to  be  furnished  to  the 


contracting  officer  prior  to  advertising  a  construction  project.  The  low 
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responsive  and  responsible  bidder  will  receive  the  contract  award  for 
constructing  the  project.  A  responsive  bid  is  a  bid  that  complies  in  all 
material  respects  with  the  invitation  for  bids  (6:14-9).  A  responsible 
bid  is  determined  by  the  contracting  officer  and  based  on  a  set  of 
standards.  The  standards  state  a  contractor  must  have  adequate  financial 
resources;  be  able  to  comply  with  the  required  delivery  or  performance 
schedule;  have  a  satisfactory  performance  record;  have  a  satisfactory 
record  of  integrity  and  business  ethics;  have  the  necessary  organization, 
experience  and  skills  to  complete  the  job;  and  be  otherwise  qualified  and 
eligible  to  receive  an  award  under  applicable  laws  and  regulations 
(6:8-11).  The  government  estimate  is  used  in  determining  if  the 
contractor  bid  is  reasonable  (6:14-16).  The  government  estimate  is 
designated  "For  Official  Use  Only"  until  the  bid  opening  (5:36.2-1).  At 
that  time  it  is  opened  and  compared  with  the  various  bids.  If  the  low 
responsible  bid  is  significantly  different  than  the  government  estimate, 
the  contracting  officer  must  perform  further  analysis  to  determine  price 
reasonableness.  If  the  lowest  bid  is  determined  responsive  ar.d 
responsible  by  the  contracting  officer  an  award  is  made. 

A  study  of  733  construction  contracts  awarded  in  FY  83  and  FY  84 
indicated  299  cases  where  the  government  estimate  was  more  than  20  percent 
higher  than  the  low  bid  and  93  cases  where  the  government  estimate  was 
more  than  20  percent  lower  than  the  low  bid  (12:5).  Several  projects  were 
found  to  have  a  government  estimate  which  varied  by  more  than  50  percent 
from  the  low  bid.  For  example,  at  one  base  the  government  estimate  given 
to  the  contracting  officer  was  519  percent  of  the  low  bid  (12:5). 

The  government  estimate  is  used  to  determine  the  reasonableness  of 
the  contractor's  bid.  If  the  bid  is  high  or  low  when  compared  to  the 
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government  estimate  the  government  estimate  is  used  to  pinpoint  where  a 
mistake  in  bid  may  have  occurred.  If  the  contractor's  bid  is  low  when 
compared  to  the  government  estimate  the  contracting  officer  requests  a  bid 
verification  from  the  contractor  (6:14-12).  A  bid  verification  could  also 
be  used  to  verify  a  high  bid  (6:14-13).  If  the  low  bid  was  higher  than 
the  government  estimate  a  bid  verification  could  indicate  where  the 
government  estimate  was  wrong. 

Creation  of  a  valid  detailed  construction  cost  estimate  is  time 
consuming.  The  quantities  for  each  construction  item  are  calculated, 
prices  are  found  for  each  construction  item  in  terms  of  labor  and  material 
costs,  and  the  final  cost  of  the  project  is  summarized  (11:11-2).  For 
example,  the  time  needed  to  complete  a  detailed  cost  estimate  for  a 
$2,000,000  building  is  approximately  three  weeks  (15:1). 

The  purpose  of  this  research  is  to  identify  several  factors  which 
influence  construction  costs  at  Air  Force  bases  and  to  develop  an 
estimating  procedure  to  incorporate  the  factors  and  reduce  the  amount  of 
preparation  time  an  estimator  spends  creating  a  cost  estimate.  The  final 
result  is  an  estimating  method  which  may  be  used  by  the  estimator  to 
furnish  to  the  contracting  officer  an  accurate  total  cost  for  a  project 
with  less  preparation  time. 


Research  Objectives 

The  objectives  of  this  research  were  established  as  follows: 

1.  To  analyze  the  Air  Force  Civil  Engineering  design  system  and 
determine  what  factors  effect  the  costs  of  construction  on  Air 


Force  bases. 


2.  To  determine  how  estimates  are  currently  developed  at  base  level. 
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3.  To  develop  criteria  to  measure  estimating  system  quality. 

4.  To  develop  an  improved  estimating  system. 


Research  Questions 

In  order  to  meet  the  research  objectives,  the  following  research 
questions  were  considered: 

Objective  1: 

1.  What  estimating  factors  influence  the  cost  of  Air  Force 
construction  projects? 

2.  What  cost  percentage  increase  or  decrease  do  the  factors  have 
on  Air  Force  project  costs? 

Objective  2: 

3.  What  estimating  data  bases  are  currently  being  used  at  base 
level? 

4.  What  is  the  accuracy  of  the  estimating  systems  currently  in 
use? 

5.  What  are  the  current  procedures  that  estimators  use  to 
develop  cost  estimates? 

6.  How  much  time  is  being  spent  developing  cost  estimates? 

Objective  3: 

7.  What  major  items  need  to  be  included  as  part  of  the  data  base 
to  develop  an  accurate  estimate? 

8.  What  major  factors  affect  estimating  system  usability? 

Objective  4: 

9.  How  does  the  proposed  system  implement  the  findings  of  this 
research? 

10.  How  does  the  proposed  system  compare  with  existing  systems 


using  established  criteria? 


II.  Background  and  Literature  Review 

Background  and  Literature  Review 

For  Air  Force  weapon  system  facilities  the  prime  contractor  is 
usually  responsible  for  developing  cost  estimates  (11:1-2).  This  research 
does  not  consider  weapon  systems  facilities.  Air  Force  estimates  of  non 
weapon  system  facilities  costs  are  prepared  by  Air  Force  base  civil 
engineers,  Air  Force  Regional  Civil  Engineers  (AFRCE)  or 
architect/engineer  (A/E)  firms  under  contracts  awarded  by  the  U.  S.  Army 
Corps  of  Engineers  (COE)  or  the  Naval  Facilities  Engineering  Command 
(NAVFAC)  (11:1-2).  Congress  has  designated  the  COE  and  NAVFAC  as  design 
and  construction  agents  for  the  Air  Force  Military  Construction  Program 
(MCP).  A  construction  project  may  be  designated  as  a  MCP  project  in  one 
of  two  ways:  an  unspecified  MCP  project  or  as  a  specified  MCP  project 
(4:17),  An  unspecified  MCP  project  is  a  minor  construction  project  less 
than  $1,000,000  (4:8).  A  specified  MCP  project  is  a  minor  construction 
project  over  $1,000,000.  Table  I  lists  the  unspecified  minor  construction 
levels  and  the  specified  construction  level  along  with  the  appropriate 
approval  levels  (4:17). 

TABLE  I 

Unspecified  and  Specified  Minor  Construction  Approval  Levels 


TABLE  II 


Base  Level  Projects  and  Major  Command  Approval  Levels 


Type  of 

Estimated 

Approval 

Project 

Cost 

Level 

Maintenance 

Unlimited 

MAJCOM/CC 

Repair 

$0  -  $3,000,000 

MAJC0M/CC 

Minor  Construction 

$0  -  $200,000 

MAJCOM/CC 

The  types  of  projects  completed  at  base  level  include  maintenance 
projects,  repair  projects,  and  minor  construction  projects  (10:8).  Table 
II  lists  the  three  types  of  projects  designed  at  base  level  and  the  major 
command  approval  levels  (10:14).  The  approval  levels  delegated  to  base 
level  may  differ  among  major  commands.  This  research  deals  with  cost 
estimates  prepared  at  base  level  by  base  civil  engineers. 

Base  Level  Funding  Cycle.  The  base  level  funding  cycle  requires 
estimates  to  be  developed  and  updated  at  several  points  during  the  design 
phase.  Construction  cost  estimates  are  required  throughout  project 
development.  Cost  estimate  development  and  use  changes  at  different 
stages  in  the  design  process.  The  three  major  stages  are  the  concept 
stage,  preliminary  stage  ,  and  the  final  estimate  at  100X  design 
(11:1-2).  During  the  concept  stage  project  budget  estimates  are  prepared 
based  on  an  overall  comparison  with  the  cost  of  similar,  size  and  type, 
projects  (15:1-5).  The  budget  estimate  is  used  for  initial  project 
funding.  During  the  concept  and  preliminary  stages,  when  comparative 
pricing  methods  are  used,  the  total  price  for  a  facility  may  be  determined 
to  be  too  high.  It  is  possible  for  elements  of  the  building  program  to  be 
responsible  for  excessive  cost3.  The  scope  of  the  project  and  its 
functional  areas  may  be  excessive  or  the  quality  of  building  materials  too 


high.  As  a  result  the  project  may  have  to  be  cancelled  because  funds  are 
not  available  for  such  a  project  (20:79).  The  project  may  be  cancelled  at 
this  point  in  time  with  no  design  time  spent  on  the  project.  During  the 
preliminary  stage  the  budget  estimate  is  verified  by  comparing  the 
estimate  to  other  similar  projects  to  be  sure  nothing  has  been  left  out  of 
the  estimate  (15:1-5).  The  preliminary  estimate  may  be  completed  during 
the  initial  submission  of  the  project  to  the  Engineering  and  Environmental 
Planning  branch  or  just  before  the  detailed  design  begins  on  the  plans  and 
specifications  (15:1-5).  During  the  design,  construction  costs  should  be 
made  available  to  the  designer.  A  good  designer  will  integrate  design 
decisions  with  a  cost  analysis  of  those  decisions  (20:79).  Design  in 
itself  sets  the  costs  for  a  project.  Once  the  design  is  set,  little  can 
be  done  to  influence  the  costs  except  to  redesign  the  project.  The  final 
estimate,  proposed  at  100  percent  design,  typically  uses  a  range  of 
detailed  and  comparison  estimating  techniques.  The  final  estimate  is  used 
to  furnish  the  contracting  officer  a  detailed  cost  estimate  as  required  by 
the  FAR  (15:1-5).  The  final  estimate  is  used  to  verify  bid  price 
resonableness  (6:14-16). 

Each  estimating  stage  provides  more  detail  about  the  project  and 
estimates  should  be  more  technically  accurate  than  the  previous 
estimates.  However,  past  experience  in  private  industry  indicates  that 
early  budget  estimates  are  more  accurate  than  design  development  (60^  - 
100X  design)  estimates  (11:1-2).  The  early  budget  estimates  in  industry 
corresponds  to  the  concept  stage  in  the  base  level  funding  cycle  (15:1-5). 

Estimating  Methods .  There  are  many  estimating  methods  available  to 
the  estimator  for  developing  a  cost  estimate.  Because  methods  vary, 
"consensus  does  not  exist  regarding  the  data  base  content,  project 


descriptors,  algorithms,  and  achievable  accuracy"  (11:1-3).  Generally, 
the  estimating  methods  can  be  grouped  into  three  broad  categories: 
comparatives,  such  as  the  Air  Force  Pricing  Guide;  parametrics,  such  as 
those  used  in  the  aerospace  industry;  and  quantity  take-off,  often  used  by 
construction  contractors  for  bid  preparation  (11:11-1). 

Comparative  methods  are  used  primarily  for  budget  purposes  and  as  a 
check  of  estimates  developed  using  the  quantity  take-off  (11:11-1). 
Comparative  methods  relate  a  proposed  project  to  the  cost  of  a  completed 
project  for  which  the  total  price  is  known  (11:11-1). 

The  parametric  method  describes  relations  between  parameters  and 
costs  using  advanced  mathematics  (11:11-2).  Most  of  these  methods  utilize 
complex  computer  programs  to  generate  total  costs.  For  example, 
parametrics  are  used  to  describe  the  relationships  of  interior  partitions 
to  the  floor  area  or  exterior  skin  surface  to  the  height  of  the  building 
to  develop  approximate  quantities  of  materials  for  input  into  the  cost 
estimate  (3:11-2). 

The  quantity  take-off  method  requires  a  detailed  take-off  of 
quantities  obtained  from  plans  and  specifications.  The  take-off  consists 
of  measuring  or  calculating  quantities  of  specified  items  used  in  the 
project.  Frices  are  obtained  for  each  item  and  multiplied  by  the  quantity 
to  determine  the  cost.  The  labor  price  is  also  obtained  for  each  item  and 
multiplied  by  the  quantity  to  extend  the  labor  costs.  The  costs  are 
summarized  to  form  a  basic  construction  cost  estimate  (11:11-2).  In 
general,  a  quantity  take-off  construction  estimate  is  developed  in  three 
interlocking  parts;  performing  the  quantity  take-off,  pricing  the  items 
noted  during  the  take-off,  and  calculating  sub-contracted  items  (13:1). 

Developing  an  accurate  cost  estimate  is  a  demanding  task.  There  are 


many  estimating  procedures  available  for  the  estimator  to  use  but 
estimating  is  not  an  exact  science.  Any  group  of  estimators  using  the 
same  procedure  will  still  develop  different  costs  for  a  project.  A  good 
estimator  has  the  ability  to  measure  quantities  accurately  and  to  gauge 
costs  (13:1).  A  good  estimate  is  built  around  a  good  set  of  quantities 
and  a  "proper  feeling  for  cost,  rather  than  being  a  by-product  of 
statistics"  (13:1). 

Comparative  and  Parametric  Cost.  Most  conceptual  and  preliminary 
design  stage  estimates  are  comparative  estimates,  parametric  estimates,  or 
some  combination  of  the  two.  In  addition  to  the  direct  project-to-project 
comparisons  already  discussed,  important  comparison  techniques  include: 
time-referenced  cost  indices,  cost-capacity  factors,  and  component 
ratios.  Parameter  cost  estimates  may  use  a  wide  variety  of  project 
physical  and/or  performace  characteristics  in  cost  estimation  (2:179). 

Time-referenced  cost  indices  show  changes  in  cost  over  time,  based  on 
an  established  reference  period.  Some  types  also  reflect  changes  in 
technology,  methods,  and  productivity  as  well  as  inflationary  trends 
(2:179).  Many  of  these  indices  are  published  along  with  the  estimating 
books  from  several  vendors.  The  "Quarterly  Cost  Roundup,"  published  by 
the  Engineering  New3-Record.  lists  over  a  dozen  of  these  indices  (13:179). 

Before  applying  cost  indices,  it  is  important  to  know  how  they  were 
derived.  One  approach  periodically  reprices  and  totals  a  constant  package 
of  resources  that  serve  as  input  to  a  typical  construction  project 
(2:179).  The  index  is  computed  by  dividing  this  cost  for  a  stated  period 
by  the  cost  of  the  resources  in  a  base  reference  period  (2:179).  Another 
approach  to  derive  cost  indices  is  based  on  the  cost  of  a  completed 
project  or  a  survey  of  selected  components  of  completed  projects  (2:180). 


There  are  obvious  limitations  if  the  proportions  of  the  input 
components  in  an  input-type  cost  index  do  not  reflect  the  resources  used 
on  a  particular  project.  Other  limitations  include  productivity 
differences,  changes  in  technology,  and  competitiveness  of  contractors 
(2:180).  For  the  reasons  just  mentioned  the  estimator  must  be  careful 
when  selecting  an  index  to  use  on  a  project.  Properly  applied  however, 
indices  can  yield  accuracies  within  20  to  30  percent  of  actual  costs 
(2:181).  Because  of  the  limited  accuracy,  the  use  of  indices  should  be 
limited  to  the  concept  estimate  only  and  not  used  to  calculate  final  costs. 

The  cost-capacity  factors  may  be  used  to  consider  changes  in  size, 
scope,  or  capacity  of  projects  of  similar  types  (2:181).  The 
cost-capacity  factor  is  expressed  by  the  following  exponential  equation 
(2:181) : 

A  *  B  (C/D)x 

where  A  =  estimated  cost  of  a  new  facility  of  capacity  C 
B  =  known  cost  of  facility  of  capacity  D 
C  =  capacity  of  proposed  facility 
D  =  capacity  of  existing  facility 
X  =  the  cost-capacity  factor  for  this  type  of  work 

Table  III  shows  several  examples  of  cost-capacity  factors  that  can  be  used 
in  the  above  equation  (23:16-18).  The  capacity  represented  by  C  and  D  are 
some  parameter  that  reasonable  reflects  the  size  of  the  facility  (2:131). 
For  example,  a  warehouse  might  have  the  gross  floor  area  as  a  measure  of 
capacity  (2:181).  The  cost-capacity  method  assumes  an  estimate  or  actual 
cost  information  already  exists  for  a  similar  proiect.  For  example,  an 
existing  warehouse  was  built  for  $4,200,000.  The  3ize  of  the  warehouse 


TABLE  III 


Cost-Capacity  Factors  (23:16-18) 


Process 

Capacity 

Unit 

Cost- 

Capacity 

Factor 

Capacity 

Ranee 

Acetylene 

10 

Tons/day 

0.73 

3.5 

-  250 

Aluminum 

100H 

Metric 

0.76 

20M 

-  200M 

Butadiene 

10M 

Tons/year 

0.65 

5M 

-  300M 

Carbon  black 

1 

Ton/day 

0.53 

1 

-  150 

Hydrogen 

10MH 

Cu  ft/day 

0.64 

500M 

-  10MM 

Oxygen 

100 

Tons/day 

0.72 

1 

-  1.5M 

Power  plants,  coal 

100 

Hw(elec) 

0.88 

100 

-  1M 

Urea 

250 

Tons/day 

0.20 

250 

-  500 

was  120,000  square  feet.  A  new  design  for  a  warehouse  of  150,000  square 
feet  is  developed  and  the  cost  estimate  is  derived  using  the  cost-capacity 
factor  for  a  warehouse.  Asstuning  a  cost-capacity  factor  of  0.8  for  a 
warehouse  the  formula  for  computing  the  cost  is  (2:182): 

A  .  B  (C/D)x 

A  =  $4,200,000  (150, 000/120, 000)0-8 
=  $5,020,000 

The  use  of  the  cost-capacity  factors  should  also  be  limited  to 
concept  estimates  only  (2:183).  The  factors  give  an  idea  of  the  order  of 
magnitude  cost  on  a  project.  Accuracy  depends  largely  on  how  well 
documented  the  records  are  that  supported  factor  development.  Estimates 
based  on  cost-capacity  factors  frequently  vary  15  to  20  percent  from 
actual  costs  (2:183). 

Component  ratios  include  equipment  cost  ratios  and  plant  cost  ratios 
(2:183).  As  the  design  progresses  more  information  about  size  and  type  of 
items  included  in  the  project  are  known.  Component  ratios  are  used  to 


adjust  previous  estimates  where  the  size  and  type  of  equipment  may  have 
been  unknown.  The  equipment  cost  is  multipled  by  an  empirically 
documented  factor  to  estimate  the  installation  cost  of  that  equipment 
(2:183).  This  approach  allows  the  estimator  to  apply  a  more  detailed 
level  of  judgement  to  an  estimate  and  produce  greater  accuracy  (2:186). 

Parameter  costs  are  the  most  commonly  used  in  building  construction 
(2:186).  In  the  construction  industry  parameter  cost  estimating  relates 
all  costs  associated  with  a  project  to  just  a  few  major  components  or 
parameters.  For  example,  the  total  square  footage  of  a  typical  building 
would  be  used  to  express  all  costs  for  that  particular  building.  The  cost 
would  not  be  expressed  in  terms  of  individual  unit  prices,  such  as  $0.12 
per  square  foot  for  masonry  (2:186).  A  parameter  estimate  requires  at 
least  schematic  drawings  for  computing  parameters  (2:186). 

During  the  conceptual  or  preliminary  stages  of  a  construction  project 
comparative  and  parametric  type  estimates  are  completed  for  the  project. 
Initially  these  types  of  estimates  tell  the  owner  or  user  if  the  scope  of 
the  project  is  anywhere  near  to  being  economically  feasible.  Once  the 
project  is  under  design,  the  preliminary  estimates  are  continually  revised 
to  incorporate  new  information  and  keep  the  estimate  or  budget  up  to 
date.  This  in  turn  provides  feedback  to  design  to  keep  the  overall 
project  within  budget  (2:179). 

Detailed  Cost  Estimating  Techniques .  As  design  progresses, 
comparison  and  parametric  cost  estimates  are  generally  supplemented  by 
detailed  estimates.  The  detailed  construction  cost  estimates  may  be 
divided  into  two  types:  the  fair-cost  estimate  and  the  contractor's  bid 
estimate  (2:187-192).  Both  estimates  are  prepared  from  actual  bid 
documents.  The  major  differences  between  the  two  are  the  absence  of 


lump-sum  subcontract  quotations  and  a  somewhat  simplified  number  of  line 
numbers  in  the  fair-cost  estimate  (2:187).  The  government  estimate 
prepared  before  bid  opening  is  a  fair-cost  estimate.  The  fair-cost 
estimate  is  compared  with  the  contractor  bids  at  bid  opening.  If  a  wide 
discrepancy  is  noted  between  bids  and  the  fair-cost  estimate,  the  estimate 
details  are  compared  to  isolate  the  reasons  for  the  difference. 

Detailed  cost  estimates  are  made  by  applying  unit  costs  to  the 
quantities  of  those  primary  activities  required  to  complete  the  project 
(21:3).  Every  detailed  construction  estimate  or  final  cost  estimate  is 
based  on  a  quantity  survey,  sometimes  called  the  quantity  take-off 
(13:6).  The  quantity  survey  is  the  best  method  to  determine  costs  for  a 
particular  project  (16:10).  "This  is  the  method  used  by  contractors, 
subcontractors,  material  suppliers,  and  anyone  else  who  needs  or  wants  a 
complete  cost  figure,  that  is  as  accurate  as  possible"  (16:10). 

Before  starting  the  take-off,  the  estimator  must  examine  the  drawings 
for  an  idea  of  the  layout,  type  of  building,  number  of  floors,  and  general 
design  (13:7).  There  are  three  basic  rules  for  taking  off  quantities: 
measure  everything  as  it  shows,  take  off  everything  that  can  be  seen,  and 
if  the  item  is  different,  keep  it  separate  (15:8).  During  the  take-off 
several  different  items  will  be  found  within  the  same  specification 
division.  For  example,  concrete  will  typically  include  reinforcing  steel, 
anchor  bolts  and  equipment  items.  Even  though  the  items  are  found  in  the 
same  specification  division,  they  should  be  kept  separate.  Keeping  these 
rules  in  mind  while  preparing  a  detailed  cost  estimate  will  save  time 
overall . 

A  detailed  material  quantity  take-off  should  be  undertaken  when  the 
construction  documents  are  50  to  95  percent  complete  (20:112).  Before  the 


TABLE  IV 


Uniform  Construction  Index  Format 


Division  Title 

Division 

Title 

1 

General  Requirements 

9 

Finishes 

2 

Site  Work 

10 

Specialties 

3 

Concrete 

11 

Equipment 

4 

Masonry 

12 

Furnishings 

5 

Metals 

13 

Special  Construction 

6 

Wood  and  Plastic 

14 

Conveying  Systems 

7 

Thermal  and  Moisture 

Protection  15 

Mechanical 

8 

Doors  and  Windows 

16 

Electrical 

quantity  take-off  can  be  started,  a  portion  of  the  plans  and 
specifications  must  be  complete.  As  the  plans  and  specifications  progress 
so  should  the  estimate.  However,  completing  the  estimate  as  the  design 
progresses  could  cause  the  estimator  to  reaccomplish  a  portion  of  the 
estimate  if  redesign  of  a  portion  of  the  project  was  necessary.  As  the 
design  progresses  the  detail  of  the  estimate  also  progresses  until  the 
final  cost  estimate  represents  all  items  included  in  the  total  project. 

The  detailed  estimate  is  very  accurate  and  also  serves  as  a  check,  against 
the  reasonableness  of  the  contractor's  bid  and  to  verify  payments  (20:113). 

The  form  of  the  detailed  cost  estimate  usually  is  based  on  the 
Uniform  Construction  Index  (UCI)  format  for  cost  analysis  (20:113).  The 
UCI  cost  analysis  follows  the  16  subdivisions  of  the  specifications  listed 
in  table  IV. 

The  accuracy  of  the  detailed  estimate  depends  on  the  accuracy  of  the 
quantity  take-off,  the  accuracy  of  the  extensions,  and  in  the  selection  of 
the  unit  co3ts  (21:3).  "Any  assessment  of  the  accuracy  of  cost  prediction 
methods  must  ultimately  rely  upon  quantitive  techniques  .. "  (1:4).  Even 
when  the  quantity  take-off  and  extension  operations  are  properly  performed 

2. 1C 


by  the  estimator,  cost  estimate  errors  may  result  because  of  an  unreliable 
data  base.  One  reason  for  unreliable  data  bases  is  the  lack,  of 
documentation  in  the  construction  industry.  Even  during  the  construction 
process,  difficulties  are  encountered  for  accurately  recording 
expenditures  (1:4).  Also,  contractors  are  often  reluctant  to  reveal 
profit  levels  (1:4).  The  result  may  be  a  detailed  data  base  of  unreliable 
information . 

The  percentage  of  accuracy  is  also  related  to  the  progress  of  design 
(20:85).  At  the  end  of  the  programming  phase,  the  cost  estimate  should 
predict  project  cost  accurate  to  plus/minus  12  to  13  percent  (20:85). 

Using  the  comparison  or  parametric  types  of  estimates  should  be  expected 
to  predict  project  costs  of  plus/rainus  15  to  30  percent.  But  local 
factors  must  be  considered  to  reflect  the  total  costs  of  the  project  as 
close  as  possible.  These  local  factors  will  be  discussed  later  under  the 
heading  of  estimating  factors.  The  programming  phase  is  equivalent  to  the 
concept  stage  of  a  base  level  project.  At  the  end  of  the  schematic  phase, 
35  percent  design  phase,  an  allowance  of  seven  to  eight  percent  should  be 
made  for  design  contingencies  (20:85).  At  the  end  of  the  design  phase  a 
five  percent  contingency  is  used  and  just  before  the  final  documents  are 
sent  to  bidders  a  detailed  construction  estimate  is  made  to  include  market 
conditions  at  the  time  of  bidding.  This  procedure  should  allow  for  an 
accuracy  of  one  to  two  points  of  the  low  bid  (20:85).  Contractors  should 
be  able  to  estimate  costs  within  plus/minus  five  percent  of  final  project 
costs  (1:4). 

Estimating  Systems 

There  are  a  number  of  estimating  systems  utilizing  one  or  more  of 


2.11 


these  estimating  methods.  Different  systems  may  use  different  estimating 
bases.  Data  base  development  and  use  also  differs  between  estimating 


systems . 

Dodge  Computer-Aided  Estimating  Systems .  The  Dodge  system 
offers  three  levels  of  estimates:  The  conceptual  estimate  called  System 
90,  the  prelimiminary  estimate  called  System  73,  and  the  detailed  estimate 
called  System  1  (8:92).  The  data  base  is  comprised  of  more  than  12,000 
building  components,  labor  rates,  and  productivity  figures  (8:92).  The 


costs  are  associated  with  zip  codes  for  620  locations  in  the  U.S.  and 


Canada  (8:92).  The  programs  are  easy  to  run  and  are  easily  accessible  via 


a  time-share  network.  The  programs  are  proprietary  and  system  cost  to  the 


customer  is  based  on  the  amount  of  customer  use. 


Component  prices  are  generated  from  field  data  for  materials  and 
labor  costs  (11:11-13).  The  advantages  of  using  this  data  is  that  it  is 
well  maintained  and  documented  (11:11-14).  However,  one  major 
disadvantage  of  using  the  Dodge  data  base  is  that  different  areas  in  tiie 
data  base  are  multiplied  by  various  modifiers.  The  modifiers  are  not 
explained  to  the  estimator  and  the  material  prices  "...are  not  documented 
at  this  level"  (11:11-14)  and  pose  a  problem  since  the  modifiers  are 
unknown . 


Computer  Aided  Cost  Estimating  System  (CACES ) ■  The  product  of 
CACES  is  a  quantity  take-off  type  estimate  (11:11-4).  CACES  is  a  Corps  of 
Engineers  computer  program  utilizing  a  very  extensive  data  base.  This 
type  of  estimate  is  very  detailed  and  prices  and  man-hours  are  very 
accurate.  The  advantages  of  CACES  are  the  detail  generated  by  the  program 
and  "the  application  of  shipping  rates  and  listing  of  all  construction 
equipment,  personnel,  and  contractor  general  condition  items"  (11:11-4). 


The  major  disadvantage  of  CACES  is  the  expertise  needed  by  the 
estimator  to  input  data  and  lacit  of  flexibility  in  the  formats  of  the 
program  (11:11-4).  Another  disadvantage  is  the  requirement  for  updating 
the  extensive  data  base. 

Means  Construction  Cost  Data  Service.  The  R.  S.  Means  company 
publishes  several  separate  pricing  guides.  Three  of  the  guides  in  use 
today  include  the  Building  Construction  Cost  Data,  Repair  and  Remodeling 
Data,  and  Systems  Costs.  The  information  contained  in  the  pricing  guides 
includes  component  prices,  basic  labor  rates,  and  assembled  prices 
(17: IV ) .  The  pricing  guides  are  based  on  unmodified  national  averaged 
costs,  exclusive  of  overhead,  profit,  subcontractor  markup  and 
contingencies . 

The  data  within  the  guides  are  very  well  organized.  The  estimator 
has  complete  freedom  in  picking  a  price  and  knowing  exactly  what  is 
included  in  the  price.  Means  claims  no  accuracy  using  the  data,  but 
states  the  data  are  correct  (8:241). 

McAuto 1 s  Estek  Construction  Estimating  System.  The  Means  data 
base  is  also  used  in  McAuto's  Estek  Construction  Estimating  System 
(11:11-8).  The  cost  estimate  produced  by  the  Estek  System  is  a  detailed 
quantity  take-off  type  estimate  (11:11-8).  The  user  has  access  to  the 
system  either  through  a  batch  or  on-line  data  link.  The  advantages  of 
using  the  Estek  System  arc  the  "great  documentation,  ease  of  use  for 
typical  buildings,  labor  savings  through  the  use  of  a  decision  matrix, 
easy  modification  and  consistent  system  processing"  (11:11-9). 
Disadvantages  include  the  lack  of  modifiers  for  escalation  and  possible 
data  base  inconsistencies  (11:11-9). 

Richardson  Rapid  Construction  Cost  Estimating  System.  The 


Richardson  system  is  mainly  used  to  estimate  final  bid  costs.  The  system 
is  very  detailed.  The  data  includes  both  costs  and  installation  man-hours 
for  each  equipment  item.  The  costs  contained  within  the  data  base  are 
obtained  from  vendors  (8:255). 

Also  included  in  the  Richardson  data  are  quarterly  updates  called  the 
Cost  Trend  Reporter  which  contains  information  on  crafts,  materials,  and 
labor  (18:1).  Wage  factors  are  included  in  two  of  the  Cost  Trend 
Reporter's  four  issues  (8:255).  The  data  are  constantly  being  updated 
throughout  the  year  and  revisions  are  sent  to  subscribers. 

The  accuracy  of  the  Richardson  data  is  questionable.  Hi3tak.es  have 
been  found,  for  example,  "cooling  tower  costs  are  very  low"  (8:257).  As  a 
result,  estimators  must  often  double  check,  the  costs  for  a  particular  item 
if  the  cost  seems  too  low  or  too  high. 

Berger  Building  and  Design  Cost  File.  The  Berger  Building  and 
Design  Cost  Files  are  published  in  two  volumes.  Volume  I  is  general 
construction  trades  and  Volume  II  is  mechanical  and  electrical  trades. 
Within  each  volume  are  three  parts.  The  user  has  the  option  to  apply 
either  the  unit  costs  as  shown  in  Part  I  or  the  system  costs  in  Part  III 
(3:VII).  Part  II  contains  several  estimating  tables  the  user  can  use  to 
prepare  an  estimate  (3:XI). 

The  cost  data  in  the  Berger  Cost  Files  are  derived  from  the 
experience  of  actual  contractors  working  on  the  jc.'  (3:XIV).  The  costs 
associated  with  each  item  are  considered  both  practical  and  current. 
However,  in  actual  practice  contractors  performing  work  in  the  same  city 
will  experience  varying  costs  for  the  same  item  throughout  the  year 
(3:XIII).  The  Berger  Cost  File  presumes  average  rather  than  optimum 
conditions  and  the  estimator  must  adjust  the  costs  as  necessary  ( 3 : X I I I ) . 


The  Berger  Cost  Files  contains  an  excellent  introduction  on  how  to 
use  the  volumes  and  an  explanation  on  how  costs  are  derived.  It  is  very 
easy  for  the  user  to  create  an  estimate  based  on  either  the  book  costs  or 
revised  costs.  The  various  factors  and  percentages  explained  in  these 
volumes  are  excellent  sources  for  determining  detail  costs. 

Estimating  Factors .  Even  with  these  established  and  accepted 
estimating  systems,  there  is  still  a  need  to  add  additional  factors  to 
adjust  the  final  cost  (16:11).  These  include  contractor's  indirect 
charges,  overhead  costs,  and  costs  associated  with  location  of  work,  work 
conditions,  inflation,  and  other  unique  conditions.  The  estimator  must 
identify  and  take  into  account  all  the  factors  affecting  a  particular 
construction  project.  Each  project  will  have  different  factors  affecting 
costs  either  positively  or  negatively  and  the  estimator  must  know  what  to 
do  with  the  factors. 

Fixed  and  Variable  Overhead.  There  are  two  principal  types  of 
overhead:  "permanent  or  fixed  items  relating  to  the  cost  of  maintaining 
business,  and  variable  costs  that  fluctuate  with  each  project"  (16:12). 

Every  business  has  a  fixed  overhead  cost  just  to  keep  the  business 
running.  The  types  of  costs  associated  with  fixed  overhead  are  not 
related  to  the  performance  of  any  one  job.  General  overhead  includes 
owner's  salary,  home  office  expenses,  depreciation,  business  taxes,  and 
professional  licenses  (21:65).  Total  cost  for  these  fixed  overhead  costs 
may  be  calculated  on  a  yearly  basis  and  then  charged  to  each  project  on  a 
cost-of-construction  percentage  (16:12). 

The  overhead  costs  charged  for  a  particular  job  depend  on  the 
contractor’s  total  volume  of  work  during  the  course  of  a  year.  The 
contractor  normally  has  no  way  to  accurately  predict  what  volume  of 


business  will  actually  be  awarded  to  him.  This  problem  is  common  to  all 
businesses  but  perhaps  more  severe  in  the  construction  industry  because 
"the  sizes  of  the  jobs  bid  vary  greatly,  the  number  of  jobs  awarded  per 
year  is  relatively  small,  and  a  difference  of  one  job  of  average  size  will 
often  result  in  a  significant  variation  in  the  volume  of  work  done  during 
the  year"  (21:65) . 

In  the  building  construction  industry  the  general  contractor  normally 
does  about  25  to  30  percent  of  the  work  with  his  own  forces  (21:67).  As  a 
general  rule  25  percent  of  the  total  bare  cost  of  the  general  contractor's 
own  work  is  added  to  account  for  fixed  overhead  costs  (21:67).  Bare  costs 
are  costs  pertaining  only  to  the  work  item.  No  overhead  and  profit  is 
included  in  the  bare  cost  for  an  item  of  work.  Two  other  rules  of  thumb 
may  be  used  to  estimate  fixed  overhead  costs:  take  40  percent  of  the 
total  labor  costs  for  the  general  contractor's  own  forces,  or  take  5  to  7 
percent  of  the  estimated  bare  cost  of  the  total  job  (21:67). 

Variable  costs,  sometimes  called  direct  job  overhead  or  general 
conditions,  are  those  costs  associated  with  running  a  particular 
construction  job.  Items  included  as  variable  costs  are  contract  bonds, 
insurance,  supervision  and  job  office  salaries,  utilities,  access  roads, 
and  clean  up  (13:173).  Many  of  the  variable  cost  items  could  be  included 
as  fixed  overhead  or  as  part  of  the  individual  trade  costs.  The  estimator 
can  add  overhead  costs  to  the  project  as  an  individual  item  of  work  or  as 
a  percentage  of  the  total  project  cost.  As  long  as  all  the  cost  items  are 
included  in  the  estimate,  the  allocation  of  costs  as  either  fixed  overhead 
or  as  part  of  the  trade  costs  does  not  really  matter  (13:171). 

Bonds .  For  government  jobs  most  contractor's  are  required  to 
submit  a  bid  bond  and  a  performance  bond.  The  bid  bond  is  a  guarantee  the 


TABLE  V 


Performance  Bond  Premiums  (17:322) 


Bid  Amount 

Bond  Premium 

Less  than  $500,000 

$12.00  per  thousand 

500,000  to  2,500,000 

$6,000  plus  $7.25  per 

thousand 

2,500,000  to  5,000,000 

$20,500  plus  $5 .75  per 

thousand 

5,000,000  to  7,500,000 

$34,875  plus  $5.25  per 

thousand 

over  7,500,000 

$48,000  plus  $4.80  per 

thousand 

contractor  will  enter  into  the  contract  with  the  owner  (government)  at  the 
established  bid  price  if  awarded  the  job  (21:12).  Bid  bonds  are  addressed 
to  the  owner,  signed  by  the  contractor  and  by  the  bonding  company,  and  are 
normally  in  the  amount  of  10  percent  of  the  amount  bid  (21:12).  If  the 
contractor  refuses  to  enter  into  a  contract  at  the  bid  amount  the  bid  bond 
is  forfeited  to  the  owner.  Bid  bond  costs  are  relatively  small. 

Typically  only  a  few  dollars  per  year  (13:173), 

The  performance  bond  guarantees  the  performance  of  all  work,  required 
to  complete  the  contract  (13:172).  The  premiums  for  performance  bonds 
vary  according  to  the  job  price.  An  example  of  performance  bond  premiums 
are  listed  in  table  V  (17:332).  Using  the  cost  structure  in  table  V,  an 
estimated  construction  cost  of  $2,650,000  would  have  a  performance  bond 
cost  of  $20,500  +  (2,650,000  -  2 ,500 ,000) ( 5 . 75 )  =  $21,362.50.  A  surcharge 
of  one  percent  of  the  regular  premium  is  typically  made  for  each  month  of 
job  duration  in  excess  of  24  months  (18:332).  The  rainumum  bond  premium  is 
currently  $25.00  (20:13). 

Insurance .  There  are  several  types  of  insurance  the  contractor 
may  be  responsible  for  during  the  construction  of  a  project.  Insurance 
includes  workmen's  compensation,  public  liability,  and  builders  risk 


TABLE  VI 


Workmen's  Compensation  Percentages  (17:335) 


Trade 

Insurance  Rate 
(percent  of  labor  cost) 

Excavation,  Grading,  etc 

Range 

1.6  to  27.8 

Average 

6.9 

Piles  and  Foundations 

3.5 

to 

44.3 

17.2 

Concrete 

1.8 

to 

27.1 

8.5 

Masonry 

1.4 

to 

20.8 

7.1 

Sturctural  Steel 

3.5 

to 

47.8 

19.5 

Miscellaneous  and  Ornamental  Metals 

1.2 

to 

15.7 

6.7 

Carpentry  and  Millwork 

2.4 

to 

54.1 

9.4 

Metal  or  Composition  Siding 

2.2 

to 

16.6 

7.3 

Roofing 

4.1 

to 

52.7 

16.3 

Doors  and  Hardware 

1.4 

to 

15.9 

5.4 

Sash  and  Glazing 

2.5 

to 

33.3 

7.5 

Lath  and  Plaster 

1.6 

to 

22.9 

6.9 

Tile,  Marble  and  Floors 

1.0 

to 

29.6 

5.2 

Acoustical  Ceilings 

1.2 

to 

15.4 

5.4 

Painting 

2.0 

to 

16.6 

7.1 

Interior  Partitions 

2.0 

to 

54.1 

9.4 

Miscellaneous  Items 

1.1 

to 

54.9 

8.3 

Elevators 

1.5 

to 

15.6 

5.1 

Sprinklers 

1.2 

to 

17.0 

5.7 

Plumbing 

1.2 

to 

12.5 

4.7 

Heat.,  Vent.,  and  Air  Conditioning 

1.7 

to 

13.5 

6.0 

Electrical 

1.1 

to 

13.1 

3.9 

insurance  (13:173).  The  rates  for  workmen's  compensation  vary  according 
to  the  trades  involved  and  the  state  where  the  work  is  being  completed 
(13:173).  Workmen's  compensation  insurance  has  increased  drastically  in 
the  past  few  years  and  now  represents  a  major  portion  of  the  payroll 
expenses  (21:60).  Table  VI  provides  information  on  workmen's  compensation 
percentage  by  trade  classification  and  the  average  percentage  markup  used 
on  labor  costs  (17:335).  Included  in  some  of  the  more  detailed  cost 
estimating  books  is  a  table  showing  workmen's  compensation  rates  by  state 
and  trade  classification.  For  example,  the  R.  S.  Means  book  lists  22 
trade  classifications  in  each  of  the  United  States  and  12  districts  in 
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Canada  (17:335).  The  percentages  can  be  applied  to  each  trade  as 
appropriate  or  an  overall  weighted  average  of  9.03  percent  may  be  applied 
to  the  total  labor  costs  for  a  project  (17:335). 

Public  liability  and  builders  risk,  insurance  does  vary  but  not  to  any 
great  extent.  The  combined  markup  for  public  liability  and  builders  risk 
ranges  from  1.2  percent  (17:333)  to  2.8  percent  (15:61)  of  the  labor  costs. 

Fringe  Benefits .  Fringe  benefits  paid  to  workers  include 
contributions  to  funds  for  health  insurance,  vacations,  pensions,  welfare 
plans,  and  numerous  others  (2:200).  The  estimator  must  determine  what 
craft  agreements  are  used  in  a  particular  location  and  the  timing  of  the 
work  in  order  to  price  fringe  benefits  (2:200).  Many  cost  estimating 
books  currently  include  the  fringe  benefits  in  the  base  price  so  separate 
calculations  are  not  needed.  However,  the  estimator  must  be  aware  of 
local  labor  unions  and  restrictive  union  practices  which  effect  the 
benefits  a  worker  may  receive  (13:175). 

Government  Payroll  Taxes.  Payroll  taxes  include  federal  social 
security  taxes,  federal  unemployment  taxes,  and  state  unemployment  taxes 
(21:59).  Federal  unemployment  taxes,  and  state  unemployment  taxes  are 
withheld  from  the  employee's  earnings,  but  unlike  social  security  tax, 
there  is  no  matching  employer's  contribution  (2:200).  Only  the  portion  of 
the  social  security  tax  which  is  paid  by  the  employer  is  considered  in 
determining  the  allowance  for  payroll  expenses  (21:59).  The  amount  used 
to  mark  up  wages  for  social  security  taxes  is  seven  percent  of  the  wages 
up  to  $37,800  (17:333)  . 

Some  unemployment  tax  ranges  vary  from  state  to  state.  Some  states 
even  vary  the  local  amounts  from  1.6  percent  to  5.4  percent  plus  a  1 
percent  solvency  tax  (17:333).  State  and  federal  unemployment  taxes 
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TABLE  VII 


Sales  Tax  Percentages  (17:338) 


State 

Tax 

State 

Tax 

Alabama 

4 

Montana 

0 

Alaska 

0 

Nebraska 

4 

Arizona 

5 

Nevada 

5.75 

Arkansas 

3 

New  Hampshire 

0 

California 

4.75 

New  Jersey 

6 

Colorado 

3.5 

New  Mexico 

3.75 

Connecticut 

7.5 

New  York 

4 

Delaware 

0 

North  Carolina 

3 

District  of  Columbia 

6 

North  Dakota 

4 

Florida 

5 

Ohio 

5 

Georgia 

3 

Oklahoma 

2 

Hawai i 

4 

Oregon 

0 

Idaho 

4.5 

Pennsylvania 

6 

Illinois 

4 

Rhode  Island 

6 

Indiana 

5 

South  Carolina 

4 

Iowa 

4 

South  Dakota 

4 

Kansas 

3 

Tennessee 

4.5 

Kentucky 

5 

Texas 

4 

Louisiana 

3 

Utah 

4.125 

Maine 

5 

Vermont 

4 

Maryland 

5 

Virginia 

3 

Massachusetts 

5 

Washington 

6.5 

Michigan 

4 

West  Virginia 

5 

Minnesota 

6 

Wisconsin 

5 

Mississippi 

5 

Wyoming 

3 

Missouri 

4.125 

together  make  up  three  to  seven  percent  of  the  first  $7000  of  wages 
(17:333).  The  federal  tax  rate  is  3.5  percent  (17:333). 

Material  Taxes .  Sales  tax  on  material  varies  from  state  to 
state  and  city  to  city.  Table  VII  lists  the  state  sales  tax  only  for  each 
of  the  50  states  and  the  District  of  Columbia  (17:338).  In  addition  to 
state  sales  tax  the  estimator  must  include  local  city  and  county  taxes. 

The  percent  markup  is  applied  only  to  the  material  costs  for  a  project. 

In  some  states  and  localities,  ordinances  may  exempt  sales  tax  on 
materials.  When  exempted,  such  costs  need  not  be  considered  (15:4-1). 


However  in  some  cases,  when  a  contractor  is  working  for  the  Government  and 
the  contractor  purchases  the  building  supplies  the  contractor  may  have  to 
pay  taxes  on  the  supplies  bought  (6:29-2). 

Profit.  Every  business  expects  to  make  a  profit.  Determining 
the  amount  of  profit  to  apply  to  a  construction  project  is  a  difficult 
task.  If  a  business  cannot  return  a  profit  on  money  invested  in  a 
construction  project  greater  than  the  interest  that  may  be  obtained  by 
putting  money  in  the  bank,  there  should  not  be  a  business  investment 
(16:13).  Some  of  the  estimating  books  will  automatically  assume  a  15  to 
25  percent  profit  when  calculating  total  costs  for  an  item  (16:13).  Other 
estimating  books  assume  a  10  percent  profit  margin  (17:334). 

As  with  most  businesses,  the  contractor  will  have  times  when  work  is 
scarce  and  times  when  work  is  plentiful.  The  contractor  may  feel  a  higher 
profit  can  be  earned  when  work  is  plentiful  (16:13).  When  work  is  slow 
the  contractor  may  take  a  job  at  near  cost  just  to  keep  the  business  known 
and  the  employees  working  (16:13). 

All  of  the  factors  discussed  above  are  included  in  table  VIII.  These 
factors  must  be  added  to  all  construction  cost  estimates.  The  following 
factors  need  only  be  considered  for  a  project  and  are  not  necessarily 
included  in  all  construction  cost  estimates. 

Wage  Premiums.  Wage  premiums  such  as  overtime,  shift-work 
differentials,  and  hazardous  work  need  to  be  considered  by  the  estimator 
(2:201).  The  phasing  of  a  project  or  the  completion  time  of  a  project  may 
require  the  contractor  to  work  in  shifts  or  to  work  overtime  to  complete 
the  job.  The  estimator  must  be  aware  of  these  increases  in  order  to 
develop  an  accurate  cost  estimate.  The  Contract  Work  Hours  and  Safety 
Standards  Act  requires  a  contractor  to  pay  overtime  at  a  minimum  of  time 


TABLE  VIII 


Factors  to  Add  to  Project  Costs 


Cost  Factor 

Fixed  Overhead 
Performance  Bonds 
Insurance 

Workers  Compensation 

Public  Liability  and 
Builders  Risk 
Social  Security  (FICA) 
Unemployment  Tax 
Material  Tax 

Profit 


Amount  to  Add  to  Project 

25%  of  total  bare  costs 
min  $25.00  (see  table  V) 

avg  9.03%  of  labor  cost 
(see  table  VI) 

1.2%  -  2.8%  of  labor  cost 
7%  of  labor  cost 
avg  3.6%  of  labor  cost 
0  -  7.5%  of  material  cost 
(see  table  VII) 

10%  -  25%  of  total  bare  cost 


and  half  (14:2).  Overtime  is  now  defined  on  a  40  hour  weekly  basis  and 
not  an  eight  hour  day  basis  (14:2).  However,  overtime  is  increasingly 
paid  at  double  time,  and  in  some  cases,  especially  on  holidays,  at  triple 
time  (2:201).  Ordinarily,  overtime  is  based  on  a  40-hour,  5-day  week,  but 
in  some  areas  electricians  have  been  paid  overtime  for  work  in  excess  of  a 
25-hour  week  (2:201). 

There  are  several  ways  of  paying  for  shift-work  differentials.  One 
way  is  to  pay  a  different  percentage  of  the  base  wage  to  the  afternoon 
shift  and  the  graveyard  shift.  Another  common  method  used  in  the  western 
states  is  to  give  8-hours1  pay  for  the  first  7  or  7  1/2  hours  work,  and 
overtime  thereafter  (2:202). 

Premiums  for  hazardous  type  work  are  usually  based  on  a  fixed 
increase  over  the  base  wage  rate  (2:202).  The  types  of  workers  associated 
with  this  type  of  pay  are  masons  working  over  25  feet  above  the  ground, 
electricians  working  underground,  and  crane  operators  when  the  boom  is 
over  185  feet  long  (2:202).  These  premiums  could  also  be  adjusted  further 


for  overtime  work  or  shiftwork  differential. 

Labor  Productivity.  Productivity  is  much  more  difficult  for  the 
estimator  to  determine.  Many  of  the  factors  influencing  labor 
productivity  are  highly  qualitative,  and  a  great  deal  of  experience  and 
judgement  is  needed  to  develop  the  qualitative  information  (2:202). 

There  are  a  number  of  factors  which  affect  productivity.  One  of  the 
factors  is  related  to  the  amount  of  other  work  the  contractor  has  at  the 
time  the  proposed  project  is  awarded  (22:165).  When  a  project  is  nearing 
completion  and  the  craft  workers  sense  the  contractor  has  not  been  awarded 
a  new  project,  there  may  be  a  tendency  for  the  workers  to  slow  down 
(22:165).  This  is  especially  true  for  workers  who  have  not  previously 
worked  for  the  contractor  (22:165).  The  government  estimator  must  be 
aware  of  who  the  bidders  might  be  on  a  project  and  determine  if  the  labor 
force  in  the  area  is  adequate  to  support  a  new  construction  project. 

Regional  variations  in  training,  experience,  and  skill  of  the  labor 
force  along  with  the  work  rules  which  are  negotiated  between  employers  and 
unions  can  affect  productivity  (2:203).  "These  factors  can  cause 
productivity  in  3ome  parts  of  the  country  to  be  more  than  double  that  in 
others"  (2:203).  A  craft  worker  can  be  experienced  in  one  portion  of  a 
trade  and  inexperienced  in  another  portion  (22:167).  For  example,  a 
plumber  who  has  worked  exclusively  on  power  plants  would  likely  be 
inexperienced  if  employed  on  a  high-rise  apartment  building  (22:167). 
Although  the  estimator  cannot  forecast  which  craftsmen  will  work  on  a 
particular  project,  an  overall  survey  of  the  local  work  force  can  be  used 
to  estimate  the  approximate  skill  level  available. 

The  environmental  conditions  also  affect  productivity  levels. 

Weather  conditions  have  a  strong  effect  on  the  labor  costs  of  a  project 


(22:166).  The  physical  locations  and  working  conditions  of  individual 
craftsmen  can  also  influence  productivity  (2:204).  When  the  temperature 
is  extremely  low,  the  performance  of  manual  workers  is  inhibited 
(22:166).  The  height  above  grade  of  the  work  station,  restricted  work 
access,  dust  and  other  factors  influence  worker  productivity.  A  good 
estimator  will  preplan  when  these  activities  will  take  place  to  minimize 
the  impact  on  costs.  Careful  scheduling  of  outdoor  activities  can  reduce 
weather  effects,  as  can  the  appropriate  use  of  enclosures  and  layout  of 
construction  facilities  (2:204). 

The  productivity  of  craft  workers  is  impeded  by  inaccurate  and 
incomplete  drawings  or  specifications  (22:167).  The  skilled  workers  of  a 
contractor  need  accurate  drawings  to  perform  their  work  assignments.  If  a 
discrepancy  is  found  a  clarification  is  needed  before  work  can  proceed. 
Usually  the  craft  worker  will  be  requested  by  the  contractor  to  3top  work 
until  the  matter  is  resolved  (22:167).  The  contractor  may  disagree  with 
the  contracting  officer  interpretation  and  perform  the  work  under  protest 
which  could  eventually  lead  to  litigation.  While  completing  the  final 
estimate  the  government  estimator  should  look  for  discrepancies  and  ask 
for  clarifications  from  the  designers. 

Table  IX  lists  the  factors  to  consider  for  each  project.  The 
percentage  increase  or  decrease  to  apply  to  the  estimate  is  left  up  to  the 
estimator . 

Cost  estimating  can  achieve  80  to  90  percent  of  the  total  costs  when 
dealing  only  with  measurable  quantities  described  in  the  drawings  and 
specifications,  but  market  conditions  exist  in  the  economy  over  which  no 
control  the  estimator  has,  only  informed  forecasting  (20:85).  These 
market  conditions  include:  inflation  or  escalation,  time  of  year  the 
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TABLE  IX 


Factors  to  Consider  for  Each  Project 


Cost  Factor 

Considerations 

Wage  Premiums 

Overtime 

Shiftwork 

Hazardous  Work 

Phasing  of  Work 

Labor  Productivity 

Amount  of  Work  Available 
Training 

Experience 

Skill,  of  Labor  Force 

Environmental  Conditions 

Weather 

Physical  Working  Conditions 

Plans  and  Specifications 

Accurate 

Complete 

award  of  the  project  takes  place,  bidding  load  on  other  projects  in  the 
area,  labor  supply  in  the  local  area,  union  shop  versus  open  shop, 
material  shortages,  and  the  competitive  climate  of  the  bidders  (20:85). 

The  cost  estimate  must  include  these  items  to  be  as  accurate  as  possible. 
When  included  in  the  estimate  the  accuracy  of  the  final  estimate  should  be 
within  a  point  or  two  of  the  low  bid  (20:86). 

Summary 

In  summary,  there  are  many  estimating  systems  for  the  estimator  to 
use  to  estimate  costs  for  a  construction  project.  During  the  initial 
programming  phases  of  a  project  the  comparison  or  parametric  type 
estimating  methods  may  be  used  with  an  expected  accuracy  of  plus/minus  20 
percent  of  the  bid  price.  During  the  final  phase  of  design,  the  detailed 
quantity  take-off  method  may  be  used  to  estimate  construction  cost  to 
within  one  or  two  percentage  points  of  the  bid  price  when  local  economic 
conditions  are  considered. 


TABLE  X 


Disadvantages  of  Various  Estimating  Systems 


Data  Base 

Major  Disadvantages 

Dodge 

modifiers  not  explained 
material  prices  not  documented 

CACES 

expertise  to  run  the  system 
lack  of  flexibility  in  formats 
updating  extensive  data  base 

Estek 

lack  of  modifiers  for  escalation 
data  base  inconsistency 

Richardson 

mistakes  in  the  data  base 

Each  estimating  system  or  procedure  has  its  own  advantages  and 
disadvantages.  The  disadvantages  are  of  particular  concern  for  the 
research  described  in  Chapter  3.  The  major  disadvantages  associated  with 
the  estimating  systems  researched  for  this  thesis  are  listed  in  table  X. 

In  addition  to  the  various  estimating  systems,  the  Literature  Review 
considered  the  need  to  adjust  the  cost  of  a  construction  project  by 
considering  certain  additional  factors.  These  additional  factors  are 
summarized  in  table  VIII.  These  factors  must  be  added  to  all  types  of 
construction  projects.  The  estimating  procedure  proposed  by  this  research 
will  include  the  factors  shown  in  table  VIII  and  identify  other  factors 
peculiar  only  to  Air  Force  projects.  The  factors  peculiar  to  Air  Force 
construction  projects  include  work,  located  inside  an  aircraft  alert  area, 
work  located  on  the  runway,  work  located  on  the  ramp  area,  work  located 
inside  a  weapon  storage  area,  competition  amoung  bidders,  and  remote  site 
location.  These  factors  are  based  on  the  authors  three  years  experience 
working  in  the  design  section  at  base  level  and  one  year  experience 
working  with  a  civilian  Arch i tec t/Eng. neer  firm  and  four  years  teaching 
the  Construction  Cost  Estimating  course  at  the  School  of  Civil  Engineering 
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at  Wright-Patterson  Air  Force  Base,  Ohio.  Other  factors  which  an 
estimator  must  consider  are  listed  in  table  IX.  These  factors  have  no 
standard  percentage  increase  or  decrease  on  project  costs  but  should  be 
considered  by  the  estimator. 


III.  Methodology 


The  purpose  of  this  chapter  is  to  develop  the  methodology  used  to 
answer  each  research  question.  First,  the  data  base  for  this  research 
will  be  discussed  under  the  header  of  sample  population.  Also  included  in 
the  data  base  discussion  is  a  description  of  the  questionaire  used  to 
gather  data  and  a  description  of  the  interview  procedure.  The  second 
portion  of  this  chapter  describes  how  each  objective  and  related  research 
questions  will  be  analyzed.  This  section  will  describe  which  questions  on 
the  questionaire  relate  to  the  research  questions  and  how  the  interview 
was  used  to  help  define  some  of  the  research  questions. 

Sample  Population- 

The  population  for  this  research  was  all  base  level  Civil  Engineering 
design  sections.  The  design  section  was  choosen  because  this  section 
completes  the  final  cost  estimate  to  be  used  by  the  contracting  officer  as 
the  government  estimate.  A  questionaire  was  distributed  to  students  in 
the  ENG400 ,  Construction  Cost  Estimating  course  at  the  School  of  Civil 
Engineering,  to  determine  base  level  Civil  Engineering  design  section 
views  on  estimating.  The  time  period  the  questionaires  were  distributed 
covered  from  July  1985  to  February  1986.  The  students  were  from  overseas 
and  continental  United  States  Air  Force  Bases.  The  respondents  were  base 
level  designers  and  engineers  holding  a  552X  Air  Force  Specialty  Code 
(AFSC)  and  civilian  equivalent.  All  respondents  had  experience  in  the 
design  section  and  experience  estimating  construction  projects. 

The  questionaire  focused  on  estimating  procedures  currently  in  use 
and  the  various  factors  affecting  the  total  cost  for  a  particular  project 
at  base  level.  Also,  the  survey  was  used  to  determine  if  an  existing  data 


base  such  as  the  Means  "Construction  Cost  Data  Files",  Richardson  "General 
Construction  Estimating  Standards",  etc.  was  being  used  and  how  accurate 
these  costs  are  for  Air  Force  construction  projects.  A  sample 
questionaire  is  located  in  Appendix  A. 

An  interview  was  also  conducted  at  base  level  to  determine  what  types 
of  projects  are  completed  in  a  typical  year.  Two  Air  Force  Bases  were 
used  for  the  interviews.  This  was  done  to  include  100  percent  of  the 
designers  at  each  base  and  get  their  responses  on  how  many  projects  they 
complete  in  a  one  year  time  frame.  Each  interview  consisted  of  ashing 
respondents  from  the  base  civil  engineering  section  how  many  projects  over 
the  past  year  could  be  catergorized  as  complex  designs,  standard  designs, 
repetitive  designs,  or  Architect/Engineer  designs.  A  complex  design  is 
defined  as  developing  original  drawings  and  specifications  for  a 
one-of-kind  project.  Standard  design  is  defined  as  developing  drawings 
and  specifications  for  a  basic  facility.  Standard  design  projects  contain 
no  unusual  design  features.  Repetitive  designs  are  those  where  an 
existing  project  can  easily  be  modified  to  develop  drawings  and 
specifications.  Architect/Engineer  designs  are  projects  where  an 
Architect/Engineer  under  contract  to  the  government  designs  the  project. 
For  Architect/Engineer  designs,  the  Air  Force  designer  only  monitors  and 
reviews  design  completion.  The  data  from  the  interviews  was  used  to 
define  a  typical  work  load  and  to  help  clarify  how  the  time  to  complete  an 
estimate  could  vary  over  a  one  year  period.  For  example,  a  designer  with 
more  complex  designs  may  spend  more  time  completing  estimates  then  a 
designer  who  had  more  standard  designs.  A  sample  of  the  interview  check 
list  is  shown  in  table  XI. 

After  all  the  data  was  collected  and  assembled  the  percentage  of  the 


TABLE  XI 


Interview  Check-List 


Interview  Check-List 


Name: 


Rank: 


Title: 


Organization: 


Location : 


Date: 


How  many  projects  have  you  completed  over  the  past  one  year? 
Complex  Projects 
Standard  Projects 
Repetitive  Projects 
Architect/Engineer  Projects 


Reasons  why  your  cost  estimates  were  too  high  or  too  low  when 
compared  to  the  bid  price. 


sample  responding  to  each  question  was  calculated  based  on  the  total 


sample  size.  The  estimators  at  base  level  were  also  asked  to  provide  the 


type  of  information  they  need  to  develop  a  cost  estimate.  This  data  is 


used  to  set  up  the  computer  data  base  for  the  estimating  program.  The 


data  generated  by  the  questionaires  are  located  in  Appendix  B. 


Research  Objective  One 


Objective  One .  The  first  objective  was  to  analyze  the  Air  Force 


Civil  Engineering  design  system  and  determine  what  factors  effect  the 


costs  of  construction  on  Air  Force  Bases.  Specifically,  what  factors 


influence  costs  and  what  percentage  increase  or  decrease  do  the  factors 


have  on  Air  Force  project  costs. 


f-V 


Research  Question  //I .  What  estimating  factors  influence  the 
cost  of  Air  Force  projects?  The  questionaire  listed  12  factors,  questions 
15  -  26,  and  space  for  other  factors  to  be  added  if  the  respondents  wished 
to  identify  any  other  factors  that  they  used.  Out  of  the  12  factors 
listed  on  the  questionaire  6  factors  were  identified  during  the  literature 
review.  The  six  factors  were  hazardous  work.,  shift  work,  overtime,  skill 
of  workers  available  for  the  project,  weather  during  the  construction 
period,  and  accuracy  of  the  bidding  documents.  The  other  six  factors  were 
choosen  based  on  the  authors  experience  as  directly  relating  to  Air  Force 
projects.  These  other  factors  were  work  located  inside  an  aircraft  alert 
area,  work  located  on  the  runway,  work  located  on  the  ramp  area,  work 
located  inside  a  weapon  storage  area,  competition  among  bidders,  and 
remote  site  location.  These  factors  were  included  to  see  if  any  estimator 
actually  used  the  factors  and  if  so  what  percentage  increase  or  decrease 
the  estimator  used.  The  factors  would  be  applied  as  a  percentage  of  the 
total  construction  costs  for  a  particular  project. 

In  addition  to  the  factors  listed  on  the  questionaire  several  basic 
factors  were  identified  during  the  literature  review.  The  basic  factors 
are  shown  in  Chapter  2,  table  VIII,  with  the  appropriate  amount  to  add  to 
the  cost  of  a  construction  project.  The  proposed  estimating  procedure 
will  include  the  basic  factors. 

Research  Question  £2.  What  cost  percentage  increase  or  decrease 
do  the  factors  have  on  Air  Force  costs?  The  respondents  were  asked  to 
give  a  percentage  increase  of  decrease  for  each  of  the  12  factors  listed 
on  the  questionaire.  The  survey  results  would  then  be  tabulated  based  on 
the  average  and  the  median  values  for  each  of  the  12  factors. 


Research  Objective  Two 

Objective  Two .  The  second  objective  was  to  determine  how  estimates 
are  currently  developed  at  base  level.  To  meet  the  second  objective  a 
combination  of  the  questionaire  and  personal  interviews  where  conducted. 
The  questionaire  dealt  with  the  types  of  data  bases  that  were  currently  in 
use,  question  4;  the  accuracy  of  the  data  base,  questions  5-7;  and  how 
much  time  was  being  spent  developing  cost  estimates,  questions  8  -  11. 

The  interview  was  used  to  define  an  average  work  load  a  designer  might 
have  during  a  typical  year  and  to  verify  what  estimating  method  was  in 
use.  The  interviews  were  conducted  within  the  design  section  at  base 
level  with  designers  who  were  currently  involved  in  construction  cost 
estimating . 

Research  Question  #3 .  What  estimating  data  base  is  currently 
being  used  at  base  level?  Question  4  on  the  questionaire  focused  on  six 
existing  data  bases  identified  in  the  literature  review,  an  area  where  the 
respondent  could  indicate  they  created  their  own  data  base,  and  a  place  to 
indicate  other  data  bases  the  respondents  may  have  used.  The  average 
value  was  calculated  for  each  response  based  on  the  sample  size. 

Research  Question  #4.  What  is  the  accuracy  of  the  estimating 


system  currently  in  use?  The  accuracy  of  the  estimates  was  determined  by 


three  questions  on  the  questionaire:  Questions  5,  6  and  7.  The  responses 


were  divided  into  three  categories  based  on  the  total  construction  costs 


of  projects.  The  categories  were  projects  less  than  $200,000,  greater 


than  $200,000  but  less  than  $500,000,  and  greater  than  $500,000.  The 


purpose  for  dividing  the  responses  into  categories  was  to  determine  if  the 
accuracy  was  affected  by  the  size  of  the  project.  The  categories  followed 
the  minor  construction  approval  levels  shown  in  Chapter  1,  table  I. 


Research  Question  #5 .  What  are  the  current  procedures  that 
estimators  use  to  develop  cost  estimates?  The  estimating  procedure  used 
by  the  estimators  was  determined  by  the  responses  to  what  existing  data 
base  was  being  used,  question  4  on  the  survey  questionaire.  Also  the 
interviews  conducted  at  base  level  were  used  to  determine  if  another 
estimating  system  was  available  and  if  that  system  was  being  used. 

Research  Question  #6 .  How  much  time  is  being  spent  developing 
cost  estimates?  The  time  spent  preparing  cost  estimates  was  determined  by 
questions  8,  9,  10,  and  11  on  the  questionaire.  The  questions  divided  the 
responses  into  four  categories  based  on  total  construction  costs  of 
projects.  The  categories  were  projects  less  than  $200,000,  greater  than 
$200,000  but  less  than  $500,000,  greater  than  $500,000  but  less  than 
$1,000,000,  and  greater  than  $1,000,000.  The  average  value  for  each 
response  was  calculated  based  on  the  sample  size. 

When  all  the  values  were  calculated  for  the  type  of  data  base 
currently  in  use,  the  accuracy  of  the  data  base,  and  the  time  to  complete 
an  estimate  a  comparison  between  each  data  base  and  the  accuracy  was 
made.  For  example,  the  respondents  who  indicated  they  used  R.  S.  Means 
would  be  compared  to  their  responses  on  accuracy.  The  comparison  was  used 
to  determine  if  any  conclusions  could  be  made  about  the  accuracy  of  the 
existing  data  base.  The  time  to  complete  an  estimate  was  needed  to 
compare  the  existing  estimating  system  to  the  proposed  system  developed  as 
part  of  this  research. 

Research  Objective  Three 

Objective  Three.  The  third  objective  was  to  develop  criteria  to 
measure  the  estimating  system  quality.  The  items  addressed  in  the 


objective  included  the  major  items  in  the  data  base  that  were  needed  to 
develop  accurate  costs  and  the  major  factors  which  affect  the  estimating 
system  usability. 

Research  Question  # 7 .  What  major  items  need  to  be  included  as 
part  of  the  data  base  to  develop  an  accurate  estimate?  The  questionaire 
listed  13  items  in  questions  27  -  39  that  many  cost  estimating  books  use 
in  their  description  of  a  work  item.  The  Berger  Building  and  Design  Cost 
Files,  Richardson  Rapid  Construction  Cost  Estimating  System,  and  the 
Building  Construction  Cost  Data  books  are  just  a  few  examples  where  many 
of  the  items  used  on  the  questionaire  can  be  found.  Table  XII  shows  a 
matrix  of  a  few  estimating  books  and  the  items  used  to  describe  a  work 
item.  Not  every  book  will  have  all  the  items  included  in  the  description 
of  an  item  of  work.  The  13  items  used  on  the  questionaire  included 
description,  crew,  unit  of  measure,  sub-contract  item,  material  cost 
(without  any  mark-up),  labor  cost  (without  any  mark-up),  equipment  cost 
(without  any  mark-up),  total  cost  (without  any  mark-up),  man-hours  to 
complete  the  work  item,  material  cost  (with  mark-up  included),  labor  cost 
(with  mark-up  included),  equipment  cost  (with  mark-up  included),  and  total 
cost  (with  mark-up  included).  The  respondents  were  asked  to  rank  order 
the  list  in  order  of  importance  (1  being  the  most  important).  The 
questionaire  also  had  space  available  for  any  additional  items  the 
respondents  wanted  to  add. 

Before  the  results  of  the  questionaire  were  known  the  data  base  for 
the  new  proposed  system  was  developed.  The  items  included  in  the  data 
base  were  based  on  the  authors  experience  in  estimating  which  included 
three  years  at  base  level  working  in  the  design  section,  one  year  working 
for  an  Architect/Engineer  firm,  and  four  years  of  teaching  and  research  in 


cost  estimating  at  the  School  of  Civil  Engineering  at  Wright-Patterson  Air 
Force  Base.  The  data  base  was  needed  immediately  to  test  the  estimating 
program  and  to  solve  any  problems  with  the  program  for  the  proposed  new 
system.  The  items  included  in  the  data  base  were:  description,  crew, 
unit  of  measure,  material  cost  (without  mark-up),  labor  costs  (without 
mark-up),  equipment  cost  (without  mark-up),  total  cost  (without  mark-up), 
man-hours  to  complete  the  work  item,  and  total  cost  (with  mark-up 
included).  These  items  were  chosen  because  they  do  not  have  any  mark-up 
included  in  the  cost.  The  one  exception  was  the  total  cost  which  is 
included  without  mark-up  and  with  mark-up.  This  was  done  so  that  the 
author  could  double  check  costs.  For  example,  when  factors  were 
introduced  to  the  program  the  author  could  check  if  the  factors  were  being 
applied  to  the  correct  costs  when  compared  to  the  total  cost  with  mark-up 
included . 

The  results  of  the  questionaire  were  used  to  determine  what  the 
estimators  wanted  in  the  data  base.  The  responses  to  each  item  were  added 
together  and  then  a  ranking  was  applied  based  on  the  low  total  receiving  a 
one  ranking  as  the  most  important  item.  The  process  was  continued  until 
all  items  were  put  in  a  rank  order  from  most  important  to  least 
important.  If  a  respondent  added  an  additional  item  that  was  not  included 
on  the  questionaire  a  special  rank  designation  was  to  be  given.  For 
example,  the  respondent  had  already  ranked  the  titles  listed  on  the 
questionaire  and  determined  a  new  title  should  be  added.  The  respondent 
would  list  the  title  and  give  it  a  rank.  The  rank  of  the  new  title  would 
be  the  number  from  the  orginal  ranking  in  which  the  new  title  would  follow 
plus  an  alpha  designation  of  A,  B,  C,  etc..  A  ranking  of  2A  means  the  new 
title  would  be  ranked  first  after  the  original  ranking  of  2  from  the  list 


on  the  questionaire . 

Research  Question  #8.  What  major  factors  affect  estimating 
system  usability?  The  usability  of  the  system  was  based  on  the  literature 
review  of  existing  systems.  Table  X,  located  in  Chapter  2,  lists  several 
reasons  why  the  existing  estimating  systems  discussed  in  the  literature 
review  failed.  The  proposed  system  was  designed  to  avoid  some  common 
mistakes  found  in  other  systems  and  to  give  the  estimator  freedom  to 
change  any  portion  of  the  data. 

Research  Objective  Four 

Objective  Four.  The  fourth  objective  was  to  develop  an  improved 
estimating  system  by  including  as  many  items  as  the  estimator  needed  to 
create  a  valid  cost  estimate.  The  information  gathered  from  the 
estimators  at  base  level  was  used  to  set  up  a  computer  data  base  and  a 
computer  estimating  procedure.  The  data  base  format  was  determined  by 
information  the  estimators  need  to  complete  a  estimate.  Once  the  format 
was  set  up  on  the  computer  the  estimator  then  inputs  all  costs  for  items 
used  at  their  particular  base.  This  procedure  allows  for  continuous 
updating  and  for  a  permanent  data  base  to  be  established  for  any 
particular  base.  After  the  data  base  was  completed  the  estimator  can  then 
run  the  estimate  program  for  any  project.  The  estimator  inputs  the 
quantities  for  the  various  items  included  in  a  project  and  the  program 
calculates  final  costs.  The  program  also  informs  the  estimator  what  type 
of  factors  may  be  applied  on  a  particular  project  and  the  average  values 
to  use.  The  factors  were  based  on  results  from  the  survey  and  the 
estimator  can  determine  whether  to  use  the  factors  given  in  the  program  or 
input  their  own  factors  and  values. 


The  accuracy  of  the  estimate  program  was  tested  against  several 
existing  Air  Force  projects.  A  group  of  estimators  using  the  estimate 
program  developed  a  total  estimated  cost  for  the  project.  Another  group 
of  estimators  completed  the  estimate  using  published  data  bases  from 
several  sources  such  as  R.  S.  Means  or  Richardson.  The  costs  were  then 
compared  with  the  actual  costs  of  construction  and  the  government  estimate 
along  with  the  time  it  toolc  to  prepare  the  computer  estimate  and  the 
quantity  take-off  estimate. 

Research  Question  #9.  How  does  the  proposed  system  implement 
the  findings  of  this  research?  Based  on  the  Literature  Review  and 
questionaire  responses  to  questions  27  -  39  the  data  base  format  would  be 
developed.  In  order  to  accomodate  as  many  users  of  the  system  as  possible 
the  computer  procedure  must  also  be  adaptable  to  each  estimators  inputs. 

Research  Question  #10.  How  does  the  proposed  system  compare 
with  existing  systems  using  established  criteria?  The  criteria  for 
judging  the  new  system  includes  the  major  disadvantages  of  existing 
systems  shown  in  Chapter  2,  table  X.  The  new  system  will  try  to  minimize 
the  disadvantage  by:  1)  including  various  modifiers  within  the  program, 

2)  keeping  the  data  base  and  the  procedure  for  running  the  program  simple, 

3)  allowing  the  user  to  update  costs,  and  4)  standardize  the  data  base 
format.  In  addition  to  minimizing  the  disadvantages  of  existing  systems 
the  new  system  would  be  judged  on  accuracy  and  time  to  complete  the 
estimate . 

To  validate  the  system  three  existing  projects  were  chosen  as  case 
studies  to  compare  the  proposed  estimating  system  with  the  existing  method 
of  completing  construction  cost  estimates.  The  projects  were  chosen  based 
upon  interview  comments  for  a  typical  design  project. 


Another  criteria 


for  chosing  the  projects  was  project  size.  Projects  had  to  be  small 
projects  because  the  data  base  of  the  new  system  was  not  very  extensive  at 
the  time  of  testing.  In  each  case  the  existing  cost  estimate  was 
available  and  a  contractor  bid  was  available  to  compare  to  the  new 
estimating  systems  cost.  The  comparison  of  all  three  estimates  would 
validate  the  accuracy  of  the  proposed  estimating  system.  In  addition  to 
comparing  the  estimates  the  man-hours  to  complete  the  government  estimate 
and  proposed  system  estimate  was  compared.  The  comparison  of  man-hours 
was  used  to  validate  the  assumption  that  the  proposed  estimating  procedure 
could  develop  accurate  construction  cost  estimates  in  less  time. 

Since  no  time  was  available  to  train  estimators  on  the  use  of  the 
proposed  system  the  author  ran  the  proposed  computer  procedure  on  all 
three  projects  mentioned  above. 


The  sample  size  consisted  of  112  base  level  designers  and  engineers 
located  throughout  the  United  States  and  overseas.  The  majority  of 
respondents  were  GS-9’s  thru  GS-12's  and  lLt's  thru  2Lt's  with  an 
experience  level  ranging  from  less  than  1  year  to  over  S  years.  Tables 
XIII,  XIV  and  XV  lists  the  percent  who  responded  to  the  first  three 
questions  on  the  questionaire . 


TABLE  XIII 

Experience  Level  of  Sample  Population 


Research  Objective  One 

Research  objective  one  was  to  analyze  the  Air  Force  Civil  Engineering 
design  system  and  determine  what  factors  effect  the  costs  of  construction 
on  Air  Force  bases.  To  meet  this  objective  two  research  questions  were 


f  ormulated . 


Research  Question  #1.  What  estimating  factors  influence  the  costs  of 
Air  Force  construction  projects?  Based  on  the  questionaire  results  the 
factor  which  influence  costs  the  most  was  related  to  worX  located  on  the 


TABLE  XIV 


Location  of  Respondents  in  Sample  Population 


Question  2.  What  State  is  your  base 

located  in? 

State 

Number  of 
Responses 

State 

Number  of 

Responses 

Alabama 

0 

Alaska 

0 

Arizona 

1 

Arkansas 

2 

California 

12 

Colorado 

3 

Connecticut 

0 

Deleware 

2 

Florida 

7 

Georgia 

4 

Hawaii 

2 

Idaho 

1 

Illinois 

2 

Indiana 

2 

Iowa 

0 

Kansas 

0 

Kentucky 

0 

Louisiana 

3 

Maine 

1 

Maryland 

1 

Massachusetts 

8 

Michigan 

4 

Minnesota 

1 

Mississippi 

8 

Missouri 

1 

Montana 

0 

Nebraska 

2 

New  Hampshire 

4 

New  Jersey 

0 

Nevada 

3 

New  Mexico 

7 

New  York 

1 

North  Carolina 

1 

North  Dakota 

0 

Ohio 

6 

Oklahoma 

2 

Oregon 

0 

Pennsylvania 

1 

Rhode  Island 

0 

South  Carolina 

0 

South  Dakota 

1 

Tennessee 

0 

Texas 

10 

Utah 

2 

Vermont 

0 

Virginia 

0 

Washingto  D.  C. 

0 

Washington 

1 

Wisconsin 

Overseas 

0 

6 

West  Virginia 

0 

TABLE  XV 

Grade  or  Rank  of  Respondents  in  Sample  Population 


Question  3. 

What  is  your  Grade  or 

Rank? 

Percentage 

of  Grade 

Percentage  of 

Rank 

Responses 

Responses 

4 

GS  6  or  lower 

17 

2LT  or  lower 

8 

GS  7  or  8 

18 

1LT 

14 

GS  9  or  10 

5 

Captain 

30 

GS  11  or  12 

1 

Major 

2 

GS  13  or  higher 

0 

Lt  Col.  or  higher 

1 

Non  responsive 

- 

4.2 


V'-'./jr.  s.  S .  V, 
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TABLE  XIV 


Types  of  Factors  (all  values  are  percentages) 


Factor 

Average  of  Those 

Range 

Median 

Using 

the  Factor 

Hazardous  work 

2.22 

0 

-  25 

2 

Shift  work 

1.30 

0 

-  20 

2 

Overtime 

2.40 

0 

-  30 

3 

Work  located  inside  an  A/C  alert  area 

1.87 

0 

-  15 

4 

Work  located  on  the  runway 

3.28 

0 

-  50 

4 

Work  located  on  the  ramp  area 

1.74 

0 

-  20 

3 

Work  located  inside  a  weapon  storage  area 

2.57 

0 

-  50 

3 

Skill  of  workers  available  for 

the  job 

.95 

0 

-  7 

2 

Competition  amoung  bidders 

1.56 

0 

-  35 

3 

Weather  during  the  construction 

period 

1.11 

0 

-  25 

1 

Remote  site  location 

2.40 

0 

-  80 

3 

Accuracy  of  bidding  documents 

2.05 

0 

-  17 

2 

runway.  The  percentage  increase  for  work  located  on  the  runway  was  3.19, 
the  highest  average  increase  of  all  the  factors  surveyed. 

Research  Question  //2.  What  cost  percentage  increase  or  decrease  do 
the  factors  have  on  Air  force  project  costs?  Table  XIV  lists  the  factors 
and  the  percentage  increase  for  each  factor.  The  percentages  for  each 
factor  are  used  to  increase  the  total  cost  for  a  project.  For  example, 
the  total  cost  for  a  project  is  $400,000  and  the  project  is  located  inside 
a  weapon  storage  area.  Using  the  factor  for  a  weapon  storage  area  and 
multipling  it  by  the  cost  for  the  project  gives  an  additive  cost  to  the 
project  of  $10280.  Other  factors  could  be  applied  to  the  base  price  of 
$400,000  in  the  same  manner  until  all  costs  are  included  in  the  project. 

The  range  indicates  the  low  and  the  high  values  for  each  item.  A 
comparison  of  the  average  values  to  the  range  indicates  several 
respondents  used  very  low  values  or  did  not  use  the  factor  at  all.  The 
data  in  Appendix  B  indicates  for  question  15  one  person  responded  with  a 
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25  percent  increase  while  80  people  responded  with  a  2  percent  or  less 
increase.  The  median  value  for  each  factor  is  also  shown  in  table  XIV. 

The  median  value  represents  the  middle  value  of  all  responses.  For 
example,  if  11  responsed  to  the  question  the  values  would  be  arranged  in 
sequence  and  value  at  location  6  would  be  the  median  value. 

Research  Objective  Two 

Research  objective  two  was  to  determine  how  estimates  are  currently 
developed  at  base  level.  To  meet  this  objective  four  research  questions 
were  formulated. 

Research  Question  //3 .  What  estimating  data  bases  are  currently  being 
used  at  base  level?  The  Building  Construction  Cost  Data  book,  published  by 
R.  S.  Means  Company,  Inc.  is  the  one  data  base  the  majority  of  the 
estimators  use.  The  survey  indicated  88  percent  use  the  Means  data  base. 
Only  one  percent  of  the  estimators  surveyed  use  the  Richardson  General 
Construction  Estimating  Standards,  four  percent  use  their  own  cost  files, 
another  four  percent  use  other  estimating  standards,  and  three  percent  did 
not  answer  the  question.  Those  using  other  data  bases  indicated  the  MCP 
Pricing  Guide,  Engineering  Performance  Standards,  experience,  McMaster 
Carr,  past  completed  projects,  calling  suppliers  downtown,  newspapers,  and 
several  specific  manufacturing  catalogs  were  the  major  source  for  prices. 

Research  Question  #4 .  What  is  the  accuracy  of  the  estimating  systems 
currently  in  use?  The  accuracy  of  the  estimating  method  used  is  based  on 
a  comparison  of  estimated  costs  and  bid  price.  The  questionaire  divided 
projects  into  three  categories:  less  than  $200,000,  $200,000  to  $500,000, 
and  greater  than  $500,000.  Based  on  projects  less  than  $200,000  the 
estimate,  as  compared  to  bid  price,  varied  from  plus/minus  SI  to 
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plus/minus  151.  On  projects  estimated  between  $200,000  to  $500,000  the 
majority  of  those  who  had  projects  in  this  category  indicated  a  range  from 
plus/minus  51  to  plus/minus  151.  On  projects  over  $500,000  the  majority 
of  those  who  had  projects  in  this  category  indicated  a  range  of  plus/minus 
51  to  plus/minus  101.  All  results  from  all  respondents  are  shown  in  table 
XVII. 

The  accuracy  of  each  data  base  was  also  calculated.  The  results  of 
each  data  base  as  compared  to  the  three  categories  are  shown  in  several 
tables.  The  R.  S.  Means  data  is  shown  in  table  XVIII.  The  Richardson 
data  is  shown  in  table  XIV.  The  use  of  the  respondents  own  coat  data  is 
shown  in  table  XX.  The  use  of  other  data  is  shown  in  table  XXI.  The  Lee 
Saylor,  Engelsman,  Dodge  Manual  and  Berger  Cost  Files  were  not  used  by  the 
respondents,  therefore,  no  data  could  be  generated  for  these  cost  books. 

Research  Question  £5.  What  are  the  current  procedures  that 
estimators  use  to  develop  cost  estimates?  Since  88  percent  of  the 
respondents  use  the  R.  S.  Means  cost  book  the  estimating  procedure  can  be 
assumed  to  be  a  detailed  quantity  take-off  method.  The  R.  S.  Means  book 
is  a  very  detailed  type  estimating  manual  and  to  use  the  manual  to  price 
quantities  the  quantity  take-off  method  must  be  used. 

Research  Question  #6 .  How  much  time  is  being  spent  developing  cost 
estimates?  Based  upon  the  same  categories  used  to  determine  accuracy,  the 
time  to  complete  the  cost  estimates  were  also  calculated.  The  results  are 
shown  in  table  XXII.  The  questionaire  surveyed  projects  completed  within 
the  past  year.  3ased  on  the  interviews  a  typical  design  schedule  for  one 
year  includes  2  complex  designs,  4  standard  designs,  2  repetitive  designs 
and  1  Architect/Engineer  design.  If  the  estimator  completed  several 
complex  projects  as  opposed  to  standard  design  projects  over 
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TABLE  XVII 


Accuracy  of  Cost  Estimates 


Percentage  of 
Responses 

25 

4 

4 

1 

4 

12 

21 

12 

9 

0 

3 

5 


Projects  Less  Than  $200,000 

Accuracy  in  Relation  to 
Bid  Price 

I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 


Projects  Greater  Than  $200,000  and  Less  Than  $500,000 


50 

0 

1 

2 

1 

8 

21 

9 

2 

1 

1 

4 


61 

0 

1 

1 

1 

10 

12 

8 

0 

1 

1 

4 


I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plu3/rainus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 

Projects  Greater  Than  $ 500,000 

I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/rainus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 


TABLE  XVIII 


Accuracy  of  R.  S.  Means  Data  (Sample  size  =  99) 


Projects  Less  Than  $200,000 


Number  of 
Responses 


Accuracy  in  Relation  to 
Bid  Price 


22 

3 

3 
1 

4 

13 
24 

14 
6 
0 
3 
7 


I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/rainus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 


Projects  Greater  Than  $200,000  and  Less  Than  $500,000 


48 

0 

1 

2 

0 

9 

22 

10 

1 

0 

1 

5 


59 

0 

1 

1 

0 

11 

13 

8 

0 

0 

1 

5 


I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  4l  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 

Projects  Greater  Than  $500,000 

I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/rainus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 
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TABLE  XIV 


Accuracy  of  Richardsons  Data  (Sample  size  =  1) 


Pro.iects  Less  Than  $200,000 

Number  of 

Accuracy  in  Relation  to 

Responses 

Bid  Price 

0 

I  have  no  projects  in  this  category 

0 

Plus/minus  11  of  the  bid  price 

0 

Plus/minus  21  of  the  bid  price 

0 

Plus/rainus  31  of  the  bid  price 

0 

Plus/minus  41  of  the  bid  price 

0 

Plus/minus  51  of  the  bid  price 

0 

Plus/minus  101  of  the  bid  price 

0 

Plus/minus  151  of  the  bid  price 

1 

Plus/minus  201  of  the  bid  price 

0 

Plus/minus  251  of  the  bid  price 

0 

Greater  than  plus/minus  251  of  the  bid  price 

0 

Non  responsive 

Projects 

Greater  Than  $200,000  and  Less  Than  $500,000 

0 

I  have  no  projects  in  this  category 

0 

Plus/minus  11  of  the  bid  price 

0 

Plus/minus  21  of  the  bid  price 

0 

Plus/minus  31  of  the  bid  price 

0 

Plus/minus  41  of  the  bid  price 

0 

Plus/minus  51  of  the  bid  price 

0 

Plus/minus  101  of  the  bid  price 

0 

Plus/minus  151  of  the  bid  price 

0 

Plus/rainus  201  of  the  bid  price 

1 

Plus/minus  251  of  the  bid  price 

0 

Greater  than  plus/minus  251  of  the  bid  price 

0 

Non  responsive 

Pro.iects  Greater  Than  $500,000 

0 

I  have  no  projects  in  this  category 

0 

Plus/minus  11  of  the  bid  price 

0 

Plus/minus  21  of  the  bid  price 

0 

Plus/rainus  31  of  the  bid  price 

0 

Plus/minus  41  of  the  bid  price 

0 

Plus/minus  51  of  the  bid  price 

0 

Plus/minus  101  of  the  bid  price 

0 

Plus/minus  151  of  the  bid  price 

0 

Plus/rainus  201  of  the  bid  price 

1 

Plus/minus  251  of  the  bid  price 

0 

Greater  than  plus/minus  251  of  the  bid  price 

0 

Non  responsive 

TABLE  XX 


Accuracy  of  Respondents  Own  Cost  Data  (Sample  size  =  4) 


Number  of 
Responses 

1 

0 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 


Projects  Less  Than  $200,000 

Accuracy  in  Relation  to 
Bid  Price 

I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 


Projects  Greater  Than  $200,000  and  Less  Than  $500,000 


1 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 


2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 


I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 

Projects  Greater  Than  $500,000 

I  have  no  projects  in  this  category 
Plus/minus  11  of  the  bid  price 
Plus/minus  21  of  the  bid  price 
Plus/minus  31  of  the  bid  price 
Plus/minus  41  of  the  bid  price 
Plus/minus  51  of  the  bid  price 
Plus/minus  101  of  the  bid  price 
Plus/minus  151  of  the  bid  price 
Plus/minus  201  of  the  bid  price 
Plus/minus  251  of  the  bid  price 
Greater  than  plus/minus  251  of  the  bid  price 
Non  responsive 
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TABLE  XXI 


Accuracy  of  Other  Data  (Sample  size  =  5 


Number  of 
Responses 


Projects  Less  Than  $200,000 

Accuracy  in  Relation  to 
Bid  Price 

I  have  no  projects  in  this  category 
Plus/minus  IX  of  the  bid  price 
Plus/minus  2X  of  the  bid  price 
Plus/minus  3X  of  the  bid  price 
Plus/minus  4X  of  the  bid  price 
Plus/minus  5X  of  the  bid  price 
Plus/minus  10X  of  the  bid  price 
Plus/minus  15X  of  the  bid  price 
Plus/minus  20X  of  the  bid  price 
Plus/minus  25X  of  the  bid  price 
Greater  than  plus/minus  2SX  of  the  bid  price 
Non  responsive 


Projects  Greater  Than  $200,000  and  Less  Than  $500,000 

5  I  have  no  projects  in  this  category 

0  Plus/minus  IX  of  the  bid  price 

0  Plus/minus  2X  of  the  bid  price 

0  Plus/minus  3X  of  the  bid  price 

0  Plus/minus  4X  of  the  bid  price 

0  Plus/minus  5X  of  the  bid  price 

0  Plus/minus  10X  of  the  bid  price 

0  Plus/minus  15X  of  the  bid  price 

0  Plus/minus  20X  of  the  bid  price 

0  Plus/minus  25X  of  the  bid  price 

0  Greater  than  plus/minus  25X  of  the  bid  price 

0  Non  responsive 

Projects  Greater  Than  $500,000 

5  I  have  no  projects  in  this  category 

0  Plus/minus  IX  of  the  bid  price 

0  Plus/minus  2X  of  the  bid  price 

0  Plus/minus  3X  of  the  bid  price 

0  Plus/minus  4X  of  the  bid  price 

0  Plus/minus  5X  of  the  bid  price 

0  Plus/minus  10X  of  the  bid  price 

0  Plus/minus  15X  of  the  bid  price 

0  Plus/minus  20X  of  the  bid  price 

0  Plus/minus  25X  of  the  bid  price 

0  Greater  than  plus/minus  25X  of  the  bid  price 

0  Non  responsive 


a 
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TABLE  XXII 


Time  to  Complete  Estimates 


Projects  Less  Than  $200,000 


Percentage  of 
Responses 


Time  to  Complete  an 
Estimate 


I  have  no  projects  in  this  category 
Less  than  8  hours  (1  day) 

1  to  2  days 
3  to  4  days 
5  to  6  days 
7  to  8  days 
9  to  10  days 
Over  10  days 
Non  responsive 


Projects  Greater  Than  $200,000  and  Less  Than  $500,000 


I  have  no  projects  in  this  category 
Less  than  8  hours  (1  day) 

1  to  2  days 
3  to  4  days 
5  to  6  days 
7  to  8  days 
9  to  10  days 
Over  10  days 
Non  responsive 


Projects  Greater  Than  $500,000  and  Less  Than  $1,000,000 


I  have  no  projects  in  this  category 
Less  than  8  hours  (1  day) 


1  to  2  days 
3  to  4  days 
5  to  6  days 
7  to  8  days 
9  to  10  days 
Over  10  days 
Non  responsive 


Projects  Greater  Than  $1,000,000 


I  have  no  projects  in  this  category 
Less  than  8  hours  (1  day) 

1  to  2  days 
3  to  4  days 
5  to  6  days 
7  to  8  days 
9  to  10  days 
Over  10  day3 
Non  responsive 


KM 
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TABLE  XXIII 


Data  Base  Content 


Title 


Responses 


Rankins 


Description  241 
Material  cost  (without  any  mark-up)  353 
Labor  cost  (without  any  mark-up)  408 
Unit  of  measure  415 
Equipment  costs  (without  any  mark-up)  552 
Total  cost  (without  any  mark-up)  627 
Man-hours  to  complete  the  work  item  680 
Material  cost  (including  mark-up)  722 
Crew  750 
Labor  cost  (including  mark-up)  760 
Sub-contract  item  848 
Total  cost  (including  mark-up)  849 
Equipment  cost  (including  mark-up)  871 


the  past  year  the  average  time  to  complete  an  estimate  would  be  longer. 

The  responses  indicate  an  average  time  to  complete  a  cost  estimate  based 
on  several  types  of  projects  an  estimator  may  receive  over  a  one  year  time 
period. 


Research  Objective  Three 

Research  objective  three  was  to  develop  criteria  to  measure 
estimating  system  quality.  To  meet  this  objective  two  research  questions 
were  formulated. 

Research  Question  £7.  What  major  items  need  to  be  included  as  part 
of  the  data  base  to  develop  an  accurate  estimate?  The  questionaire  was 
used  to  determine  what  items  should  be  included  in  the  data  base.  Based 
on  the  results  shown  in  table  XXIII  all  items  could  be  used  for  computing 
the  total  cost  of  a  project.  Other  items  could  be  added  to  the  data  base 
at  the  discretion  of  the  estimator. 

Research  Question  £8.  What  major  factors  affect  estimating  system 


usability?  Based  on  the  literature  review  of  existing  estimating  systems 
several  items  appear  to  cause  a  system  to  fail.  These  items  included  an 
extensive  data  base  that  was  hard  to  update  costs  and  the  use  of  hidden 
factors  that  were  applied  to  costs  and  not  explained  for  the  estimator. 
Refer  to  table  X  in  Chapter  2  for  a  list  of  major  disadvantages  for 
various  estimating  systems. 

The  proposed  system  will  keep  the  data  base  simple  for  easy  updates 
or  modifications  and  the  additional  factors  will  be  explained  in  the 
estimating  program  through  the  use  of  computer  prompts.  The  estimator 
then  has  a  choice  of  using  the  factors,  deleting  the  factors,  or  changing 
the  values.  The  proposed  system  is  designed  for  an  inexperienced  operator 
to  use.  The  computer  prompts  for  inputs  and  will  display  several  options 
to  the  estimator.  The  data  base  is  provided  by  the  estimator  so  the 
estimator  knows  exactly  what  items  are  included  in  the  costs  and  the 
format  for  each  item  is  the  same  throughout  the  data  base.  Even  if  a 
mistake  is  found  in  the  data  base  the  estimator  can  easily  change  the  cost 
for  any  item.  Table  XXIV  shows  the  proposed  system  compared  to  the 
disadvantages  of  existing  systems. 

Research  Objective  Four 

Research  objective  four  was  to  develop  an  improved  estimating 
system.  In  order  to  meet  objective  four  two  research  questions  were 
formulated.  The  items  included  in  the  estimating  system  were  based  on  the 
literature  review  and  the  factors  listed  on  the  questionaires  that  effect 


project  costs  at  Air  Force  bases.  The  estimating  system  was  designed  to 
default  to  a  standard  set  of  values  and  then  prompt  the  estimator  if  the 
standard  values  would  be  used  or  if  the  estimator  wanted  tc  input  their 


TABLE  XXIV 


Comparison  of  Proposed  System  to  Existing  Systems 


Maj or  Disadvantages 
of  Existing  Systems 

modifiers  not  explained 
material  prices  not  documented 
expertise  to  run  the  system 
lack,  of  flexibility  in  formats 
updating  extensive  data  base 
lack  of  modifiers  for  escalation 
data  base  inconsistency 

mistakes  in  the  data  base 


Proposed  System 


modifiers  explained  in  the  program 
prices  supplied  by  the  user 
program  prompts  user  for  inputs 
estimator  has  a  choice  of  formats 
data  base  is  easy  to  modify 
estimator  can  add  modifiers 
data  base  supplied  by  the  user 
data  base  format  does  not  change 
if  a  mistake  is  found  it  can 
easily  be  changed 


own  values  for  each  item.  The  proposed  system  also  included  areas  where 
the  estimator  could  add  additional  factors. 

Research  Question  #9.  How  does  the  proposed  system  implement  the 
findings  of  this  research?  Based  on  the  literature  review  of  several 
existing  cost  estimating  systems  and  the  factors  the  systems  used  to 
prepare  costs,  the  proposed  system  has  incorporated  several  factors.  The 
factors  included  in  the  program  were:  overhead  for  the  general  contractor 
(251),  performance  bond  cost  in  dollars  per  thousand  ($12.00),  worker's 
compensation  (9.031),  builders  risk  and  public  liability  insurance  (1.21), 
social  security  (71),  unemployment  tax  (3.61),  material  sales  tax  (61), 
and  profit  (101).  The  program  prompts  the  user  if  changes  were  needed  to 
the  overhead  and  profit  factors. 

The  program  included  the  additional  factors  shown  in  Chapter  2,  table 
IX,  as  an  option  for  the  estimator  to  add  at  the  end  of  the  program.  The 
estimator  could  add  any  factor  in  this  section  of  the  program  by  naming 
the  factor  and  then  assigning  the  factor  a  percentage  to  be  taken  of  the 
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TABLE  XXV 


Comparison  of  Estimating  Methods  Man-hour  Requirements 


Project  Title 

Quantity  Take-off 

Computerized 

Method  Hcurs 

Method  Hours 

Foundation 

4 

2 

Main  Gate 

21 

14 

Electrical 

24 

14 

total  costs  of  the  project. 

Research  Question  #10.  How  does  the  proposed  system  compare  with 
existing  systems  using  established  criteria?  The  comparison  of  the 
proposed  system  to  existing  systems  is  shown  in  table  XXIV.  In  addition, 
three  case  studies  were  used- to  validate  the  estimating  procedure.  The 
projects  consisted  of  a  new  main  gate  entrance,  a  foundation  project  and 
the  electrical  portion  of  a  large  facility.  In  each  case  the  Government 
estimate  and  the  low  bid  estimate  are  compared  to  the  computeriEed 
estimating  procedure  costs.  Each  case  is  evaluated  on  time  to  complete 
the  estimate  and  accuracy  of  the  estimate  as  compared  to  the  low 
responsive  and  responsible  bid. 

In  all  three  case  studies  the  time  to  complete  the  estimates  is 
reduced  substantially  using  the  computerized  estimating  procedure.  Table 
XXV  shows  a  comparison  of  the  man-hours  it  takes  to  complete  an  estimate 
on  each  case  study  using  the  computerized  procedure  and  the  usual  quantity 
take-off  method. 

The  accuracy  of  the  estimating  procedure  is  compared  to  each  case 
study  by  using  the  government  estimate  and  the  responsive  and  responsible 
bid  cost.  Table  XXVI  shows  the  results  of  the  conputerized  procedure  as 
compared  to  the  Government  estimate  and  low  bid.  The  low  bid  for  the 
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TABLE  XXVI 


Comparison  of  Estimating  Methods  Based  on  Accuracy 


Project  Title 

Government 

Estimate 

Low  Bid 

Computerized 

Estimate 

Foundation 

$24,833.00 

N/A 

$24,525.00 

Main  Gate 

$78,325.00 

$76,667.00 

$75,893.00 

Electrical 

$102,480.00 

$81,000.00 

$97,634.00 

foundation  project  is  not  available  since  this  project  has  not  been 


advertised  for  bids. 


V.  Conclusions 


Research  Objective  One . 

The  first  objective  of  this  research  was  to  analyze  the  Air  Force 
Civil  Engineering  design  system  and  determine  what  factors  effect  the 
costs  of  construction  on  Air  Force  Bases.  To  accomplish  the  first 
objective  two  research  questions  were  developed:  What  estimating  factors 
influence  the  costs  of  Air  Force  projects?  What  percentage  increase  or 
decrease  do  the  factors  have  on  Air  Force  projects? 

Based  on  the  literature  review  of  existing  cost  estimating  methods 
several  factors  need  to  be  addressed.  These  factors  are  shown  in  Chapter 
2,  table  VIII,  with  the  percentage  increase  for  a  particular  project.  But 
these  factors  are  not  enough  for  Air  Force  projects.  Other  factors 
peculiar  only  to  Air  Force  projects  must  be  considered.  These  Air  Force 
factors  were  presented  in  Chapter  4,  table  XIV.  By  using  the  existing 
factors  along  with  the  Air  Force  factors  a  more  accurate  construction  cost 
estimate  may  result. 

Research  Objective  Two . 

The  second  objective  of  this  research  was  to  determine  how  estimates 
were  currently  developed  at  base  level.  To  accomplish  this  objective  four 
research  questions  were  developed:  What  estimating  data  base  was 
currently  being  used  at  base  level?  What  was  the  accuracy  of  the 
estimating  system  currently  being  used?  What  were  the  current  procedures 
the  estimator  used  to  develop  a  cost  estimate?  How  much  time  was  being 
spent  developing  cost  estimates? 

The  R.  S.  Means  "Euilding  Construction  Cost  Data"  is  the  one  data 
base  the  majority  of  bases  use.  Eighty-eight  percent  use  the  S.  S.  Means 
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data  base.  Since  a  large  majority  used  only  one  data  base  the  accuracy  of 
the  data  when  compared  to  bids  could  also  be  measured  accurately  by  the 
survey.  The  accuracy  of  the  existing  data  base,  R.  S.  Means,  is  between 
plus/minus  5%  and  plus/minus  151  of  the  low  bid  regardless  of  the  dollar 
amount  of  the  project.  Table  XVIII  located  in  Chapter  4  lists  in  mere 
detail  how  the  respondents  using  the  R.  S.  Means  data  responded  when 
compared  to  the  low  bid  on  various  size  projects. 

The  current  procedure  an  estimator  uses  for  final  cost  estimates  is 
the  detailed  quantity  take-off  method.  The  estimator  completes  the 
quantity  take-off  and  then  prices  each  item  using  the  R.  S.  Means 
"Building  Construction  Cost  Data"  book.. 

Depending  on  the  types  of  projects  an  estimator  completes  during  the 
year  will  effect  the  time  it  takes  to  complete  the  cost  estimate.  The 
data  indicates  a  range  of  between  1  day  for  simple  projects  less  than 
$200,000  to  4  days  for  complex  projects  around  $500,000.  Table  XXII 
located  in  Chapter  4  lists  the  respondents  results  based  on  the  time  to 
complete  a  project  estimate. 

Research  Objective  Three. 

The  third  research  objective  was  to  develop  criteria  to  measure 
estimating  system  quality.  To  accomplish  this  two  research  questions  were 
developed:  What  major  items  need  to  be  included  as  part  of  the  data  base 
to  develop  an  accurate  estimate?  What  major  factors  affect  estimating 
system  usability. 

The  major  items  cost  estimators  need  to  develop  an  accurate  estimate 
were  shown  in  table  XXIII  in  Chapter  4.  All  of  the  items  could  be  added 
to  the  data  base  for  any  particular  Air  Force  installation.  The  first 
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seven  items  include  a  brief  description  of  work.,  material  cost,  labor  cost, 
unit  of  measure,  equipment  cost,  and  total  cost  for  each  item  found  in  a 
project.  Also,  the  costs  associated  with  each  item  does  not  include  any 
mark-ups  of  any  kind.  This  allows  the  estimator  to  custom  fit  the  price  to 
any  situation  by  appling  several  factors  to  the  original  cost. 

Many  of  the  problems  with  existing  systems  were  too  large  a  data  base, 
hard  to  up  date  costs  in  the  data  base,  and  hidden  factors  the  estimators  did 
not  know  a  cost  for.  The  proposed  procedure  developed  for  this  research 
attempted  to  solve  many  of  the  problems  listed  in  table  XXIV  in  Chapter  4  for 
existing  systems  by  keeping  the  data  base  simple  and  easy  to  modify.  In 
addition,  the  programs  prompt  the  user  for  input  items  and  all  items 
automatically  default  to  a  listed  value  by  the  choice  of  the  estimator.  The 
procedure  allows  the  estimator  to  make  changes,  add  additional  factors  and 
change  the  data  base  if  the  estimator  decides  to  do  so.  The  system  is  very 
flexible. 

Research  Objective  Four. 

The  fourth  objective  of  this  research  was  to  develop  an  improved 
estimating  system.  To  accomplish  this  objective  two  research  questions  were 
developed:  How  does  the  proposed  system  implement  the  findings  of  this 
research?  How  does  the  proposed  system  compare  with  existing  systems  using 
established  criteria? 

The  findings  of  this  research  indicated  a  list  of  factors  that  were  added 
to  the  proposed  system.  The  factors  have  a  small  range  of  values  according  to 
the  literature  that  was  researched.  The  factors  were  added  to  the  procedure 
and  standard  default  values  were  given  to  each  factor.  The  estimator  has  a 
choice  of  using  the  default  value  or  another  value  that  may  be  more  accurate 


for  the  project. 

The  additional  Air  Force  factors  were  also  included  in  the  program  by  the 
use  of  a  prompt.  The  estimator  can  then  add  the  additional  factor  and  the 
percent  to  increase  or  decrease  the  cost.  The  estimator  can  delete  or  change 
the  values  at  a  later  date  if  the  additional  factor  isno  longer  needed. 

One  of  the  goals  for  this  research  was  to  develop  a  procedure  to 
accurately  estimate  costs  and  reduce  the  preparation  time  by  using  several 
computer  programs  to  generate  a  cost  estimate.  As  shown  in  Chapter  4,  tables 
XXV  and  XXVI,  the  proposed  estimating  system  maintains  the  accuracy  of  the 
cost  estimate  but  significantly  reduces  the  preparation  time.  The  accuracy  of 
the  proposed  system  may  be  questioned  because  of  the  data  base  used.  The  data 
base  the  author  used  was  based  on  two  cost  estimating  books  published  by  R.  S. 
Means,  the  "1984  Building  Construction  Cost  Data"  and  "1985  Building 
Construction  Cost  Data".  The  data  was  used  mainly  to  test  the  procedure  and 
not  the  accuracy  of  the  data  base.  The  actual  data  base  used  by  the 
estimators  at  base  level  would  vary  from  location  to  location  and  represent 
true  costs  for  that  location.  The  data  the  author  used  represented  average 
costs  for  each  item  of  work.  The  proposed  system  cost  was  still  very  close  to 
the  government  estimate  and  low  bid. 

In  conclusion,  if  an  estimator  at  base  level  would  input  their  own  costs 
for  use  in  the  data  base  and  apply  the  estimating  procedure  described  in  the 
user  manual  in  Appendix  C  an  accurate  total  cost  for  a  project  could  be 
generated  with  less  preparation  time.  Also,  the  procedure  for  the  final 
estimate  could  be  standardized  and  if  an  estimator  moved  locations  the  data 
would  be  different  and  the  factors  would  change  but  the  basic  procedure  would 
still  lead  the  estimator  to  an  accurate  final  cost  estimate. 

The  programs  for  developing  a  computer  cost  estimating  procedure  are 


located  in  the  user  manual  in  Appendix  C.  The  user  manual  explains  in  detail 
how  to  run  the  estimating  procedure. 


Further  research  needs  to  be  conducted  to  actually  test  the  new 
estimating  procedure  on  various  projects.  In  order  to  accomplish  this  a  local 
data  base  also  needs  to  be  developed.  Once  the  estimator  has  become  familiar 
with  the  system  and  how  to  operate  the  estimating  programs  several  projects 
could  be  tested  for  accuracy  and  the  time  to  complete  the  estimate. 


APPENDIX  A:  QUESTIONAIRE 


1.  How  many  years  of  estimating  experience  do  you  have? 
0  less  than  1  year 
0  over  1  year  but  less  than  2  years 
0  over  2  years  but  less  than  3  year 

0  over  3  years  but  less  than  4  years 

0  over  4  years  but  less  than  S  years 

0  over  5  years 


Uhat  State  is  your 

base  located 

in? 

What  is  your  grade 

or  rank? 

0 

GS  6  or  lower 

0 

2LT  or 

0 

GS  7  or  8 

0 

1LT 

0 

GS  9  or  10 

0 

Capt 

0 

GS  11  or  12 

0 

Major 

0 

GS  13  or  higher 

0 

Lt  Col 

lower 


or  higher 


4.  What  estimating  data  base  are  you  currently  using? 

0  R.  S.  Means 
0  Lee  Saylor 
0  Engelsman 
0  Dodge  Manual 
0  Richardson 
0  Berger  Cost  Files 
0  I  use  my  own  cost  data  file 

0  Other  (please  specify  _ ) 


5.  Based  on  the  projects  less  than  $200,000  completed  in  the  past 
year  what  is  the  accuracy  of  the  data  you  used? 

0  I  have  no  projects  in  this  category 
0  plus/minus  IX  of  the  bid  price 

0  plus/minus  2X  of  the  bid  price 

0  plus/minus  3X  of  the  bid  price 

0  plus/minus  4X  of  the  bid  price 

0  plus/minus  5X  of  the  bid  price 

0  plus/minus  101  of  the  bid  price 

0  plus/minus  151  of  the  bid  price 

0  plus/minus  20X  of  the  bid  price 

0  plus/minus  25X  of  the  bid  price 

0  greater  then  plus/minus  25X  of  the  bid  price 


6.  Based  on  the  projects  over  $200,000  but  less  then  $500,000 
completed  in  the  past  year  what  is  the  accuracy  of  the  data 
you  used? 

0  I  have  no  projects  in  this  category 
0  plus/minus  1%  of  the  bid  price 

0  plus/minus  2%  of  the  bid  price 

0  plus/minus  31  of  the  bid  price 

0  plus/minus  4%  of  the  bid  price 

0  plus/minus  SI  of  the  bid  price 

0  plus/minus  101  of  the  bid  price 

0  plus/minus  151  of  the  bid  price 

0  plus/minus  20%  of  the  bid  price 

0  plus/minus  25%  of  the  bid  price 

0  greater  then  plus/minus  25%  of  the  bid  price 

7.  Based  on  the  projects  over  $500,000  completed  in  the  past  year 
what  is  the  accuracy  of  the  data  you  used? 

0  I  have  no  projects  in  this  category 
0  plus/minus  1%  of  the  bid  price 

0  plus/minus  2%  of  the  bid  price 

0  plus/minus  3%  of  the  bid  price 

0  plus/minus  4%  of  the  bid  price 

0  plus/minus  5%  of  the  bid  price 

0  plus/minus  10%  of  the  bid  price 

0  plus/minus  15%  of  the  bid  price 

0  plus/minus  20%  of  the  bid  price 

0  plus/minus  25%  of  the  bid  price 

0  greater  then  plus/minus  25%  of  the  bid  price 

8.  On  projects  less  than  $200,000  what  is  the  amount  of  time  you 
spend  preparing  the  cost  estimate? 

0  I  have  no  projects  in  this  category 
0  less  than  8  hrs  (1  day) 

0  1  to  2  days 

0  3  to  4  days 

0  5  to  6  days 

0  7  to  8  days 

O  9  to  10  days 
O  over  10  days 

9.  On  projects  more  than  $200,000  but  less  than  $500,000  what  is  the 
amount  of  time  you  spend  preparing  the  cost  estimate? 

O  I  have  no  projects  in  this  category 
0  less  than  8  hrs  (1  day) 

0  1  to  2  days 

0  3  to  4  days 

0  5  to  6  days 

0  7  to  8  days 

0  9  to  10  days 

0  over  10  days 
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10.  On  projects  more  than  $500,000  but  less  than  $1,000,000  what  is  the 
amount  of  time  you  spend  preparing  the  cost  estimate? 

0  I  have  no  projects  in  this  category 
0  less  than  8  hrs  (1  day) 

0  1  to  2  days 

0  3  to  4  days 

0  5  to  6  days 

0  7  to  8  days 

0  9  to  10  days 

0  over  10  days 

11.  On  projects  more  than  $1,000,000  what  is  the  amount  of  time  you 
spend  preparing  the  cost  estimate? 

O  I  have  no  projects  in  this  category 
0  less  than  8  hrs  {1  day) 

O  1  to  2  days 

O  3  to  4  days 

O  5  to  6  days 

O  7  to  8  days 

O  9  to  10  days 
O  over  10  days 

12.  Does  your  existing  data  base  explain  in  detail  how  the  costs  were 
derived? 

0  yes 
O  no 

13.  If  you  had  to  explain  a  cost  for  a  work  item  in  detail  does  your 
existing  data  base  explain  what  factors  to  use? 

O  yes 
O  no 


14.  If  answered  yes  to  the  above  question,  does  your  data  base  give  an 
approximate  percentage  of  costs  to  use  for  the  factors? 

O  yes 
0  no 


I 

I 
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For  the  following  factors  indicate  a  low,  a  high,  and  an  average  value 
you  would  use  on  a  typical  construction  project  at  your  base.  These 
factors  would  be  applied  as  a  percentage  of  the  total  construction 
costs . 

Factor  Low  High  Average 

EX.  Skilled  workers  available  for  the  job  -3  +4  +1 

15.  Hazardous  work  _  _  _ 

16.  Shift  work  _  _  _ 

17.  Overtime  _  _  _ 

18.  Work  located  inside  an  aircraft  alert  area  _  _  _ 

19.  Work  located  on  the  runway  _  _  _ 

20.  Work  located  on  the  ramp  area  _  _  _ 

21.  Work  located  inside  weapon  storage  areas  _  _  _ 

22.  Skill  of  workers  available  for  the  project  _  _  _ 

23.  Competition  amoung  bidders  _  _  _ 

24.  Weather  during  the  construction  period  _  _  _ 

25.  Remote  site  location  _  _  _ 

26.  Accuracy  of  bidding  documents  _  _  _ 

Please  list  any  additional  factors  along  with  the  values  used 


The  following  list  contains  items  that  many  cost  estimating  books  use  in 
their  description  of  a  work  item.  Please  rank  each  item  in  order  of 
importance  (1  being  the  most  important  and  so  on). 


27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 


Ranking  Title 

_  Description 

_  Crew 

_  Unit  of  measure 

_  Sub-contract  item 

_  Material  cost  (without  any  mark-up) 

_  Labor  cost  (without  any  mark-up) 

_  Equipment  cost  (without  any  mark-up) 

_  Total  cost  (without  any  mark-up) 

_  Man-hours  to  complete  the  work  item 

_  Material  cost  (with  mark-up  included) 

_  Labor  cost  (with  mark-up  included) 

_  Equipment  cost  (with  mark-up  included) 


39.  _  Total  cost  (with  mark-up  included) 

List  any  other  items  you  may  want  to  add  to  the  above  and  show  the 
ranking  where  it  would  fall  in  relation  to  the  above  rankings  you  just 
completed. 

EX.  Trade  class  1A  means  the  trade  class  would  be  ranked 

first 

after  item  1  from  the  above  list. 
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INTRODUCTION 


The  manual  explains  how  to  use  several  computer  programs  and  how  to 
develop  the  necessary  controls,  data,  and  report  procedures  necessary  to 
produce  a  final  construction  cost  estimate.  All  the  computer  programs  for 
the  estimating  procedure  are  included  in  this  manual.  The  programs  are 
written  in  BASIC  computer  language  and  the  procedure  is  compatible  with 
the  WANG  VS100  computer  system.  This  manual  assumes  the  user  has  a  basic 
knowledge  of  the  WANG  VS100  operating  system. 

The  manual  is  divided  into  three  sections:  Section  I  explains  how  to 
set  up  procedures  to  manipulate  the  main  data  file.  Section  II  explains 
how  to  set  up  procedures  to  manipulate  the  project  data  files  created  as  a 
result  of  running  the  ESTIMATE  program,  and  Section  III  explains  the 
computer  programs  used  for  the  estimating  procedure.  Included  in  the 
Appendix  are  all  the  programs  necessary  to  develop  a  construction  cost 
estimate. 

When  all  programs  and  procedures  are  entered  into  the  computer  system 
the  estimator  is  ready  to  begin.  A  diagram  showing  the  basic  steps 
required  to  generate  a  cost  estimate  using  this  manual  is  shown  in  figure 


1  of  this  manual. 


Run  ESTIMATE 
Program 

(This  program  produces  the  two 
files  shown  below.  Additions  to 
the  files  are  made  by  running  the 
ESTIMATE  program.) 


Description  Pile 


Quantity  File 


Run  INDEXDES 
Program 


Run  INDEXQNT 
Program 


Additions,  Deletions,  and  Modifications  can  now  be  made 
directly  to  the  project  files  using  the  procedures  described 
in  this  manaul  without  running  the  ESTIMATE  program. 


Run  SORT  Procedure 


Run  DESCRIPT  Program 
(Report  oriented 
format) 


Run  SORT  Procedure 


Run  QUANTITY  Program 
(Report  oriented 
format) 


Fig  1.  Steps  Required  to  Produce  a  Cost  Estimate 


Section  I:  MAIN  DATA  PILE 


Main  Data  File 

The  main  data  file  is  where  all  the  data  used  in  the  ESTIMATE  program 
is  stored.  The  user  is  responsible  for  inputing  all  the  data  into  this 
file  and  updating  costs.  The  following  procedures  explain  how  to  set  up  a 
control  file,  enter  data,  modify  data,  delete  data,  create  a  report 
definition,  and  run  a  report  on  the  main  data  file. 

Developing  the  Main  Data  Base.  The  following  steps  are  used  to 
develop  several  procedures  needed  before  the  ESTIMATE  program  can  run 
correctly. 

Data  Base  Control  Set-Up: 

1.  Logon  to  the  system  using  standard  procedures. 

2.  The  logon  menu  indicating  the  PF  key  for  the  Utility 
Menu  is  now  on  the  monitor.  Press  the  PF  key  opposite  Utility  Menu,  in 
this  example  it's  PF  key  7  (figure  2). 

3.  The  main  Utility  Menu  is  now  on  the  monitor.  In  order 
to  create  a  data  base  file  a  control  file  must  first  be  created  to  define 
how  the  data  will  be  stored  in  the  file.  Press  the  PF  key  opposite 
Control,  in  this  example  it's  PF  key  1  (figure  3). 

4.  The  next  screen  (figure  4)  prompts  for  the  name  of  the 
control  file.  Type  in  ESTIMATE  as  shown  in  figure  5  and  press  "enter". 

5.  The  next  screen  is  the  Control  File  Menu  (figure  6). 

To  create  a  control  file  press  PF  key  2. 

6.  The  next  screen  now  indicates  creacion  of  file  header 
information  (figure  7).  Type  in  the  items  shown  in  figure  8  and  press 
"enter". 

7.  The  creation  of  field  specifications  is  now  on  the 


monitor  (figure  9).  Each  field  in  the  data  base  must  have  a 


specification.  A  total  of  eleven  fields  are  used  in  the  data  base.  Type 


in  the  items  shown  in  Figures  10  thru  20  for  each  field.  After  completing 


a  specification  press  “enter“.  In  some  cases  the  screen  showing  Field 


Input  Validation  Specifications  may  appear  (figure  21).  Do  nothing  to 


this  screen,  press  "enter“  and  the  field  specification  screen  will 


reappear. 


8.  After  entering  the  last  field  press  PF  key  16  to  return 


to  the  Control  File  Menu.  A  control  file  now  exists  called  ESTIMATE. 


Continue  pressing  PF  key  16  until  the  main  Utility  Menu  is  reached. 
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Entering  Data  in  the  Wain  Data  File: 

1.  Press  the  PF  key  opposite  Data  Entry,  in  this  example 
it's  PF  key  2  (figure  22). 

2.  The  computer  now  prompts  for  the  data  file  and  the 
control  file  as  shown  in  figure  23.  Type  in  the  items  shown  in  figure  24 
and  press  "enter". 

3.  The  data  entry  menu  is  now  on  the  monitor  (figure  25). 
Create  a  data  file  by  pressing  PF  key  2. 

4.  The  output  is  now  created  by  typing  in  the  information 
shown  in  figure  26  and  pressing  "enter". 

5.  The  next  screen  shows  the  data  format  as  the  data  is 
entered  (figure  27).  Figure  28  shows  an  example  data  file  completed. 

After  each  entry  press  “enter"  and  a  blank  format  screen  will  appear 
similar  to  figure  27. 

6.  After  entering  the  data  for  DIV1  press  PF  key  16  and 
create  a  total  of  16  divisions  in  UCIDATA  by  repeating  steps  3,  4  and  5 
(see  figure  29) . 

7.  After  all  divisions  are  entered  the  data  base  is 
complete.  Additions,  deletions,  or  modifications  of  the  existing  data  can 
easily  be  made  at  any  time. 


Additions  to  the  Main  Data  File: 

1.  Press  the  PF  key  opposite  Data  Entry,  in  this  example 
it's  PF  key  2  (figure  22). 

2.  The  next  screen  now  prompts  for  the  data  file  and  the 
control  file.  Type  in  the  following  items:  The  data  file  is  DIV1,  DIV2, 
DIV3,  ...  or  DIV16  depending  on  where  the  data  is  placed.  The  library  for 
the  data  file  is  UCIDATA  and  the  control  file  is  ESTIMATE.  Press  “enter" 
to  continue. 

3.  Figure  25  is  now  shown  on  the  monitor.  Press  PF  key  3. 

4.  The  next  screen  shows  the  data  format  (figure  27). 

Type  in  the  items  similar  to  figure  28  and  press  "enter"  to  add  the  entry 
to  the  data  file. 

5.  Press  PF  key  16  to  exit. 


Modifications  to  Existing  Data  in  the  Main  Data  File: 

1.  Repeat  steps  1  and  2  for  additions  to  the  data  base. 

2.  Press  PF  key  4  to  modify  records  on  a  data  file. 

3.  The  next  screen  (figure  30)  must  now  be  completed.  The 
code  is  the  same  number  used  in  the  code  spaces  when  entering  data  to  the 
file.  In  the  example  the  code  to  enter  is  40005.  The  computer 
automatically  inserts  preceeding  0‘s.  Press  “enter". 

4.  The  next  screen  displays  the  record  to  be  modified 
(figure  31).  All  the  items  can  now  be  changed  except  the  CODE  field. 

After  changes  are  made  press  "enter"  to  modify  the  file.  If  "enter"  is 
not  pressed  the  changes  are  not  made. 


5.  Press  PF  key  16  to  exit. 


Deletion  of  Files  From  the  Main  Data  File: 

1.  Repeat  steps  1  and  2  under  additions  to  the  data  base. 

2.  Press  PF  key  5  to  delete  records  from  a  data  file. 

3.  The  next  screen  (figure  32)  is  very  similar  to  the 
screen  used  to  make  modifications.  Type  in  the  CODE  for  the  record  to  be 
deleted  and  press  “enter".  If  the  CODE  can  be  found  in  the  data  the 
record  will  be  deleted,  if  not,  a  message  will  appear  on  the  screen 
indicating  “record  could  not  be  found". 

4.  Press  PF  key  16  to  exit. 
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1.  Press  the  PF  key  opposite  Report,  in  this  example  it’s 


PF  key  3  (figure  22). 

2.  The  screen  shown  in  figure  33  is  now  on  the  monitor. 

In  order  to  run  a  report  a  report  definition  must  be  created.  Press  PF 
key  2  to  create  a  report  definition. 

3.  The  next  screen  (figure  34)  requires  the  name  of  the 
report.  Type  in  ESTIMATE  next  to  Report  ID  and  press  “enter”. 

4.  The  next  screen  (figure  35)  requires  the  name  of  the 
primary  file  to  be  used  in  the  report.  Type  in  the  items  shown  in  figure 
35.  Press  "enter”. 

5.  The  Primary  File  Field  Selection  screen  is  now 
displayed  (figure  36).  Place  an  "X”  in  each  item  and  press  "enter”. 

6.  The  next  screen  (figure  37)  is  not  changed.  Press 

"enter”. 


7.  At  this  point  an  error  message  will  flash  on  the  screen 
requiring  a  change  to  the  field  sequence.  Press  PF  key  5  to  update  the 
field  sequence  as  shown  in  figure  38  and  press  "enter”. 

8.  Press  PF  key  2  and  type  in  the  information  shown  in 
figure  39.  This  is  the  Report  Title  Information  Screen.  Press  "enter”  to 
continue. 

9.  The  next  screen  is  Column  Headings.  Type  in  the 
information  shown  in  figure  40  and  press  "enter". 

10.  The  next  screen  is  Spaces  Between  Fields  (figure  41). 
No  changes  should  be  done  to  the  screen.  Press  "enter". 

11.  The  Field  Sequence  screen  is  now  on  the  monitor.  This 
screen  was  completed  earlier.  Check  to  see  if  everything  is  as  shown  in 
figure  38  and  press  "enter". 
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12.  The  External  Field  Size  screen  is  shown  in  figure  42 
and  is  now  displayed  on  the  monitor.  Be  sure  the  items  read  as  shown  in 
figure  42  and  press  "enter1'. 

13.  The  next  screen  is  Data  Edit  Options  (figure  43). 
Type  an  "X"  in  the  (Modify)  space  and  make  corrections  for  the  following 
data  fields:  UCI,  CODE,  EQUIP,  LABOR,  and  MATERIAL.  Press  "enter"  to 
continue. 


14.  The  next  screen  is  the  Data  Limits.  Make  no  changes 
to  this  screen  and  press  "enter". 

15.  The  File  Sort  screen  is  next  (figure  44).  Type  in  the 
information  shown  in  figure  44  and  press  "enter". 

16.  Make  no  changes  to  the  Control  Fields  screen  and  press 

"enter" . 


17.  Make  no  changes  to  the  Summary  Options  screen  and 

press  "enter". 

18.  Press  PF  key  16  to  exit  back  to  the  Utility  Menu. 
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Fiq  44.  File  Sort 


Running  a  Report  on  the  Main  Data  File: 

1.  Create  a  report  definition  as  described  earlier. 

2.  Press  PF  key  3  to  generate  a  report. 

3.  The  Report  screen  is  now  on  the  monitor  (figure  33). 
Press  PF  key  4  to  print  a  report.  The  report  will  display  on  the  screen 
before  an  actual  print  can  be  generated. 

4.  The  next  screen  prompts  for  the  Report  ID  as  shown  in 
figure  45.  Type  in  Report  ID  =  ESTIMATE  and  change  the  last  line  where 
Print  Line  Spacing  =  000  to  1  (blank)  (blank)  and  press  "enter". 

5.  The  next  screen  prompts  for  the  data  file  used  in  the 
report  (figure  46).  Type  in  FILE  =  (filename)  and  IN  LIBRARY  =  UCIDATA  to 
run  a  report  on  all  items  in  division  1  of  the  data  base.  Press  "enter" 
to  continue. 

6.  The  next  screen  displays  an  example  division  in  a 
report  oriented  format  as  shown  in  figure  47.  To  print  this  report  follow 
standard  procedures  for  the  particular  system  in  use. 
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Section  II:  PROJECT  DATA  FILES 


Project  Data  Files 

The  project  data  files  are  developed  through  the  ESTIMATE  program. 
While  the  ESTIMATE  program  is  running  a  description  and  a  quantity  project 
file  is  created.  The  following  procedures  are  used  to  manipulate  the 
project  files  without  running  the  ESTIMATE  program.  First,  a  control  file 
is  made  for  each  project  file  and  then  an  explanation  follows  on  how  to 
add  data,  modify  data  and  delete  data  in  the  project  files. 

Developing  the  INDEXDES  Project  Data  File.  The  following  steps  are 
used  to  develop  several  procedures  used  on  the  description  project  file. 

Project  Data  Control  Set-Up: 

1.  Logon  to  the  system  using  standard  procedures. 

2.  The  logon  menu  indicating  the  PF  key  for  the  Utility 
Menu  is  now  on  the  monitor.  Push  the  PF  key  opposite  Utility  Menu,  in 
this  example  it's  PF  key  7  (figure  48). 

3.  The  main  Utility  Menu  is  now  on  the  monitor.  In  order 
to  create  a  data  base  file  a  control  file  must  first  be  created  to  define 
how  the  data  will  be  stored  in  the  file.  Push  the  PF  key  opposite 
Control,  in  this  example  it's  PF  key  1  (figure  49). 

4.  The  next  screen  (figure  50)  prompts  for  the  name  of  the 
control  file.  Type  in  INDEXDES  as  shown  in  figure  51  and  press  "enter". 

5.  The  next  screen  is  the  Control  File  Menu  (figure  52). 

To  create  a  control  file  press  PF  key  2. 

6.  The  next  screen  now  indicates  creation  of  file  header 
information  (figure  53).  Type  in  the  items  shown  in  figure  54  and  press 
"enter" . 

7.  The  creation  of  field  specifications  is  now  on  the 
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monitor  (figure  55).  Each  field  in  the  data  base  must  have  a 
specification.  A  total  of  eleven  fields  are  used  in  the  data  base.  Type 
in  the  items  shown  in  Figures  56  thru  66  for  each  field.  After  completing 
a  specification  press  "enter".  In  some  cases  the  screen  showing  Field 
Input  Validation  Specifications  may  appear  (figure  67).  Do  nothing  to 
this  screen,  press  “enter"  and  the  field  specification  screen  will 
reappear. 

8.  After  entering  the  last  field  press  PF  hey  16  to  return 
to  the  Control  File  Menu.  A  control  file  now  exists  called  INDEXDES. 
Continue  pressing  PF  key  16  until  the  main  Utility  Menu  is  reached. 
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Fig  64.  Field  Specification  for  LABOR 
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Fig  65.  Field  Specification  for  BARECOST 


* 

* 

* 

X 

* 

*  * 

* 

* 

* 

* 

* 

* 

X 

r-*  04 

on 

eT  in 

* 

X 

* 

* 

X 

X 

* 

X 

* 

*  * 

* 

* 

* 

* 

X 

X 

CO 

o  * 

X 

c rs 

X 

* 

CO 

X 

X 

X 

* 

M3 

X 

X 

in 

X 

X 

X 

* 

on 

X 

X 

04 

X 

X 

t—4 

* 

X 

o  * 

* 

os 

* 

* 

CO 

X 

X 

o. 

X 

X 

M3 

X 

X 

in 

X 

X 

*cT 

X 

* 

CO 

X 

X 

04 

X 

03 

ac 

X 

r—i 

X 

c 

LJ 

X 

vo  O 

X 

0 

1- 

X 

c r> 

X 

*H 

2 

X 

CO 

X 

4-1 

LU 

* 

X 

m 

* 

VO 

X 

03 

O 

03 

X 

in 

X 

c 

■H 

03 

X 

X 

o 

4- 

<3 

X 

CO 

* 

-pi 

*H 

I 

X 

04 

X 

4J 

0 

CL 

X 

r— ^ 

X 

i3 

0 

X 

on  o 

X 

a 

TJ 

* 

Os 

* 

*ri 

03 

C 

X 

co 

X 

4- 

(3 

X 

o** 

X 

•H 

T3 

* 

vo 

X 

O 

pH 

• 

03 

X 

n 

X 

O 

<D 

0 

0 

X 

«^r 

X 

Q4 

pH 

X 

CO 

X 

03 

4- 

•r* 

X 

04 

X 

4- 

-P 

X 

T— ( 

X 

-0 

03 

c 

X 

«5t 

o  * 

r-* 

JC 

0 

0 

X 

OS 

* 

O 

-p 

.c 

X 

CO 

X 

*r* 

-P 

0 

X 

P" 

X 

4- 

0) 

4-1 

X 

VO 

X 

-W 

i. 

(3 

X 

in 

X 

4- 

(3 

0 

*H 

X 

* 

0 

0 

4- 

t- 

X 

CO 

* 

i- 

CL 

X 

04 

X 

c 

u 

O 

X 

»— * 

X 

0 

S- 

* 

on 

o 

X 

* r*- 

03 

Q. 

X 

OS 

X 

4J 

0 

CL 

* 

00 

X 

(3 

(3 

X 

O' 

X 

O 

i- 

X 

*o 

* 

i- 

-P 

<1) 

X 

uO 

X 

O 

c 

J£ 

* 

X 

0 

4J 

X 

on 

X 

X 

04 

X 

0 

<D 

X 

T— i 

X 

03 

X 

CM  o 

X 

a> 

rz3 

X 

OS 

X 

-C 

s: 

* 

CO 

X 

1— 

X 

X 

X 

*o 

X 

X 

lOi 

X 

* 

X 

X 

on 

X 

X 

04 

X 

* 

T— * 

X. 

X 

*  ■  ♦ 

o 

X 

X 

Cr> 

X 

X 

co 

X 

X 

O' 

* 

X 

o 

X 

X 

n 

X 

X 

<cr 

X 

* 

co 

X 

X 

04 

X 

* 

r- i 

X 

X 

X 

X 

* 

X 

X 

* 

*  * 

* 

X 

* 

* 

X 

* 

X 

•-«  04 

on 

in 

* 

X 

X 

X 

(Nmq-iruoNoocriO'-'fNfostin'oc^coffiO 

<N 


CNI  C 

'  o 
>  o 
i-  aa 

Q>  Q  i 
.  N  I 
m 
O'  - 
C  I 
-H  - 

u  c 

(3  0  = 

0)  I 

n  3 

u  c  ; 

eo  I  (3  l 
oi  CM 
<D  -  = 

S.  ciMft 
CL  3  =  1 

Q.  C  I 
3  -rt  on 
oi  E  i 

I 

— ■  cn  = 

-  C  tri¬ 
al  -H  = 

cl  r- !  | 

O  -H  CM 
S-  (3 

a  5. 

Q.  4J  = 

□  I  'I 
a>  t-(  = 

-  i  1 
O  O  *•“< 
L-  Cl 
G1  to 

n  oo  a> 

c 

o  o  o 
c  c  c  . 

I  I  I 

o  o  o  ■ 


Q- 

o« 

O 

o§  o  -* 

I —  oq.oo^cmOOOOOOOOO 


£  r  »1  oi  0)  41  O  (—>.  4-1  •  •  ■  •  01 

4J4J04I333U1.  -H  Q.3  IJ 
O'  O'  Q-  41  O  O  O  01  4-1  iB  "O  C:  i— t  -r-t 

CC  COCiUOlCEOirnair— t 


i-  o  E 


E  4-  i-  4J  (3  a 

-H  3  O  (3  r-<  3  C 


u  S_ 

M  ®  41 


4J  -W  4J  O  U  G.3  CL  oi  O'  r-H  C  4-1  E  CD 
CCXCICIOQ-OI  I  -H  O  -H  (0  3  -H 

hHUJoo^^cowcoauo. 


X 

*  *  % 

X 

x  x  x 

04 

no  <g- 

X 

XXX 

X 

XXX 

X 

*  *  * 

X 

XXX 

X 

X 

/-N 

X 

CO  0  X 

>* 

X 

CS  x 

O' 

X 

co  x 

h-i 

X 

r-  x 

3 

X 

VO  X 

O' 

X 

n  x 

2 

X 

•sf  X 

h-i 

X 

on  X 

X 

04  x 

X 

— <  X 

_a 

X 

0*  0  X 

X 

OS  X 

“D 

X 

00  x 

0 

X 

X 

03 

X 

VO  X 

—t 

X 

lTi  * 

T  3 

X 

^  X 

0  c 

X 

m  * 

/—s 

E  0 

X 

04  X 

t- 

E 

X 

*- ‘  X 

0 

c 

X 

*43  0  X 

4J 

X 

os  x 

rc 

0  -p 

X 

co  X 

t — i 

-P  *H 

X 

rv  x 

“T 

rQ  pH 

X 

co  X 

P 

C  -H 

X 

in  * 

D 

5-  -P 

X 

«sr  X 

O 

0  ZD 

X 

on  x 

U 

-P 

X 

04  x 

fC 

r-i  O 

X 

*— »  X 

iTJ  r— 1 

X 

n  0  X 

<D 

w  *H 

X 

os  X 

n 

Lu 

X 

00  x 

X 

X 

O'.  X 

0 

X  pH 

X 

VO  X 

-p 

X  0 

X 

m  x 

X 

X 

<3-  X 

0 

X  4-» 

X 

on  X 

E 

X  c 

X 

04  X 

fC 

X  0 

X 

X 

c 

X  u 

X 

«*■  0  X 

X 

X 

0^  x 

-0 

X  0 

X 

co  X 

r-* 

X  -p 

X 

O'  X 

,  0 

X 

X 

VO  X 

-rl 

X  c 

X 

in  x 

4- 

X 

X 

*=t  X 

X  13 

X 

on  X 

SL 

X  -p 

X 

04  X 

0 

X  0 

X 

^  X 

-P 

X  S- 

X 

on  O  X 

c 

X 

X 

Os  X 

UJ 

X  0 

X 

00  X 

N-/ 

X  -P 

X 

O'  X 

X 

X 

vO  X 

x  •o 

X 

«n  x 

X 

X  ^ 

X 

«ct  X 

X 

X  u. 

X 

on  x 

X 

X  a. 

X 

04  X 

x 

X 

X 

-H  X 

X 

X  CO 

X 

04  O  X 

X 

X  03 

X 

Os  X 

X 

X  0 

X 

co  X 

X 

X  e 

X 

x 

c. 

X 

VO  X 

X 

in  x 

03 

X 

<5*  X 

*D 

rO 

X 

on 

1 — ( 

•pi 

X 

04  X 

0 

pH 

X 

*— »  X 

/Z5 

X 

t-h  0  X 

X 

O',  x 

T5 

X 

co  X 

1 — i 

X 

X 

E 

0 

X 

VO  x 

3 

•H 

X 

n  x 

CJ 

X 

«5*  X 

X 

on  x 

x 

Ovj  X 

X 

*-■»  X 

AViSuS*  * 


Fig  66.  Field  Specification  for  TOTO&P 
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Modifications  to  the  Description  Project  Data  File: 

1.  Press  the  PF  key  opposite  Data  Entry,  in  this  example 
it's  PF  key  2  (figure  68). 

2.  The  computer  now  prompts  for  the  data  file  and  the 
control  file  as  shown  in  figure  69.  Type  in  the  items  shown  in  figure  70 
and  press  "enter". 

3.  The  data  entry  menu  is  now  on  the  monitor  (figure  71). 
To  modify  a  record  in  the  file  press  PF  key  3. 

A.  The  next  screen  (figure  72)  must  now  be  completed.  The 
description  is  exactly  the  same  as  when  the  item  was  originally  entered 
into  the  data  file. 

5.  The  next  screen  displays  the  record  to  be  modified 
(figure  73).  All  the  items  can  now  be  changed  except  the  DESCRIPT  field. 
After  changes  are  made  press  "enter"  to  modify  the  file.  If  ‘enter"  is 
not  pressed  the  changes  are  not  made. 

6.  Press  PF  key  16  to  exit. 
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Deletion  of  Files  From  the  Description  Project  Data  File: 

1.  Repent  steps  1  and  2  under  modifications  to  the  data 

base. 

2.  Press  PF  key  5  as  shown  in  figure  71  to  delete  records 
from  a  data  file. 

3.  The  next  screen  (figure  74)  is  very  similar  to  the 
screen  used  to  make  modifications.  Type  in  the  DESCRIPT  for  the  record  to 
be  deleted  and  press  "enter".  If  the  DESCRIPT  can  be  found  in  the  data 
the  record  will  be  deleted,  if  not,  a  message  will  appear  on  the  screen 
indicating  "record  could  not  be  found". 

4.  Prer.s  PF  key  16  to  exit. 
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Fig  68.  Utility  Menu 
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Developing  the  INDEXQMT  Project  Data  Pile.  The  following  steps  are 


used  to  develop  several  procedures  used  on  the  quantity  project  file. 

Project  Data  Control  Set-Up: 

1.  Logon  to  the  system  using  standard  procedures. 

2.  The  logon  menu  indicating  the  PF  key  for  the  Utility 
Menu  is  now  on  the  monitor.  Push  the  PF  key  opposite  Utility  Menu,  in 
this  example  it's  PF  key  7  (figure  75). 

3.  The  main  Utility  Menu  is  now  on  the  monitor.  In  order 
to  create  a  data  base  file  a  control  file  must  first  be  created  to  define 
how  the  data  will  be  stored  in  the  file.  Push  the  PF  key  opposite 
Control,  in  this  example  it's  PF  key  1  (figure  76). 

4.  The  next  screen  (figure  77)  prompts  for  the  name  of  the 
control  file.  Type  in  INDEXQNT  as  shown  in  figure  78  and  press  "enter". 

5.  The  next  screen  is  the  Control  File  Menu  (figure  79). 

To  create  a  control  file  press  PF  key  2. 

6.  The  next  screen  now  indicates  creation  of  file  header 
information  (figure  80).  Type  in  the  items  shown  in  figure  81  and  press 
"enter". 

7.  The  creation  of  field  specifications  is  now  on  the 
monitor  (figure  82).  Each  field  in  the  data  base  must  have  a 
specification.  A  total  of  eleven  fields  are  used  in  the  data  base.  Type 
in  the  items  shown  in  Figures  83  thru  93  for  each  field.  After  completing 
a  specification  press  "enter".  In  some  cases  the  screen  showing  Field 
Input  Validation  Specifications  may  appear  (figure  94).  Do  nothing  to 
this  screen,  press  "enter"  and  the  field  specification  screen  will 
reappear. 

8.  After  entering  the  last  field  press  PF  key  16  to  return 
to  the  Control  File  Menu.  A  control  file  now  exists  called  INDEXQNT. 
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Continue  pressing  PF  key  16  until  the  main  Utility  Menu  is  reached. 


13 


$ 


* 

41 

41 

4t 

4r 

4t 

4c 

4c 

41 

« 

41 

4< 

41 

41 

*— 

f\l 

m 

>* 

u-\ 

4t 

* 

41 

41 

4c 

4c 

41 

41 

4C 

41 

41 

ft 

41 

« 

4t 

4c 

4c 

CO 

O 

ft 

4t 

O 

ft 

4c 

ao 

4c 

4c 

N. 

ft 

4C 

'Ci 

41 

4t 

m 

-fc 

4c 

'4* 

4t 

4c 

m 

4c 

ft 

* 

f\j 

4c 

4c 

4c 

i— 

4c 

ft 

4c 

o 

4c 

4c 

4c 

o 

4c 

ft 

4> 

00 

4C 

41 

N- 

4c 

4t 

o 

41 

4c 

in 

4t 

Z 

4C 

ft 

4C 

m 

4C 

IU 

4c 

rvj 

4c 

4i 

T— 

4C 

3! 

4c 

>o 

o 

* 

4c 

o 

4c 

4c 

CO 

4l 

4i 

4c 

4C 

'O 

4C 

Z 

4c 

in 

4c 

41 

-nT 

4c 

O 

4C 

m 

4C 

4C 

rvj 

4c 

o 

4C 

T— 

41 

4C 

in 

o 

41 

o 

4* 

o 

41 

4c 

CO 

4( 

-1 

4C 

r^- 

4i 

4c 

vO 

4c 

I 

* 

in 

4C 

1 

4t 

4 

4c 

1 

4f 

PO 

41 

in 

1 

4C 

rvj 

41 

1 

ft 

r- 

ft 

* 

1 

■4 

o 

4r 

C 

1 

4C 

o 

41 

o 

1 

4C 

<o 

4t 

*r4 

1 

41 

4C 

n c 

4-/ 

1 

4C 

o 

41 

O 

1 

4c 

in 

4c 

<X 

<t 

1 

ft 

-4 

41 

1 

4t 

fO 

4f 

►— 

4t 

rvj 

4c 

4t 

»— 

41 

m 

4c 

m 

O 

4c 

4t 

o 

41 

4» 

oo 

ft 

4C 

Is- 

4c 

z 

41 

o 

4c 

1 

ft 

m 

41 

LU 

> 

1 

4C 

-4 

41 

9 

1 

41 

m 

41 

> 

* 

1 

41 

41 

1 

4t 

r- 

4C 

lU 

U. 

• 

4l 

rvj 

O 

41 

CL 

1 

4> 

o 

4r 

H- 

1 

■ft 

CO 

ft 

< 

41 

r- 

41 

m 

4l 

o 

4c 

4( 

m 

4l 

41 

4 

4c 

4C 

41 

4i 

ft 

4i 

n- 

41 

ft 

41 

T~ 

41 

41 

41 

T— 

o 

41 

4c 

4i 

o 

4i 

41 

CO 

4c 

41 

f»- 

41 

41 

o 

4c 

4( 

in 

4t 

4t 

4 

41 

41 

m 

41 

4t 

rvj 

* 

41 

r- 

ft 

41 

41 

41 

41 

4c 

41 

ft 

4( 

ft 

« 

ft 

« 

4C 

4t 

41 

ft 

r— 

nj 

PO 

!/•> 

41 

4C 

41 

4t 

4t 

4C 

4f 

ft 

4c 

ft 

41 

« 

ft 

* 

V 

L. 

O 

a 

9 

nc 

6 

in  ai 

D  L. 

V  0>  A)  3 

to  O  V  C 

V  L  (Q  O 

i/o  a.  o  x 

r-f  'f-  ®  oi  in 

h  *o  c  * 

m  3  n)  >h  v 

X  C  V  3  v  c 

«  co  on)® 

9  X  3  E  *D 

>  *U  C  Ol  *H  3  L. 

•H  W  C9C4-»«H  ffl 

®  rH  3  fO  5L  H  1  lO  +' 

O  to  3  C  U  IU  H 

©0C9O>>H  O  L. 

^  X  vf  HWa  ^  vr 
TJ  UJ  <t  3  *-4  A)  ft-* 

COK-h-O  U  HCLT30  X 

0>  O  UJ  UJ  Z  054^0  a  Z  9 

ininQQiuiLDj-Diii  >- 


4C 

ft 

ft 

ft 

ft  « 

Jr 

ro 

^r 

ft 

ft  ft 

ft 

ft 

41  41 

ft 

* 

« 

ft 

ft 

ft  ft 

ft 

ft 

ft 

3 

ft 

no  O 

ft 

C 

ft 

O 

ft 

9 

♦ 

ao 

4r 

£ 

ft 

Is- 

ft 

VI 

ft 

•o 

41 

IA 

ft 

in 

ft 

■H 

ft 

J* 

4r 

ft 

m 

ft 

ft 

r\i 

ft 

ft 

«— 

ft 

ft 

r-  o 

ft 

ft 

o 

ft 

ft 

co 

ft 

ft 

r^- 

ft 

ft 

o 

ft 

ft 

m 

ft 

ft 

vt 

ft 

ft 

m 

ft 

ft 

ru 

ft 

ft 

T- 

ft 

ft 

o  o 

ft 

ft 

a* 

ft 

ft 

CO 

ft 

« 

r- 

ft 

ft 

>o 

ft 

ft 

in 

ft 

ft 

-r 

ft 

ft 

ro 

ft 

ft 

CM 

ft 

ft 

r- 

ft 

ft 

in  o 

ft 

«-(MfO^m0N(0O 


fNJfONfin'ONajOOt-OJrO’st 

r\j 


ft  o  ft 

*  0  41 

ft  <jo  * 

*  ft 

4  0  41 

*  in  if 

4  ^  * 

4c  K>  ft 

4c  rj  « 

4c  *-  * 

*  mo* 

4c  O  41 

4c  CO  « 

4C  4t 

4c  O  ft 

4c  in  ft 

4f  <f  4c 

4f  K>  ft 

4C  CsJ  4c 

4i  r-  ft 

4  NO  * 
4c  O  4c 

4c  CO  4c 

it  4c 

4c  O  4c 

4t  in  4l 

4c  st  4 

4c  PO  ft 

4c  (NJ  4 

4c  r-  4c 

4c  —  O  4c 

4c  0  4c 

4t  CO  4c 

4c  ^  4c 

4c  O  4c 

4C  in  4 

4l  4t 

4c  K1  4c 

4c  CU  * 

4c  r—  4c 

4t  4t 

4c  4i  4t  4C 

4c  4t  4C  4t 

4c  4c  4c  4c 

4C  4c  4C  4c 


*  *  *  *  * 

XXX 

X  X  X  X  X 

X  X  X  X  x 

X  X  X  X  X  X 

X  X  X  X  X  X 

* 

XXX 

—  , 

)  X  X  X  X 

rtCMoocrvnior'coo’vO.— i<MoocrinioO'aocriO«-icMoo<r 

X 

XXX 

'  X  X  X  X 

tH 

CM 

X 

XXX 

1  *  *  *  *  * 

XXX 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X  X 

X  X  X  x  x  X 

X 

XXX 

1  X  * 

X 

* 

*  CO  O  * 

X 

CO  o  X 

*  cr i  * 

3 

* 

CV  X 

*  00  * 

C 

* 

00  X 

X  O'  * 

<D 

X 

O'  X 

,  X  VO  X 

E 

X 

vo  X 

’  *  in  * 

4J 

X 

in  x 

:  *  «=r  * 

3 

* 

% 

*  no  * 

a 

X 

oo  X 

1  *  CM  * 

3  3 

JX. 

X 

CM  * 

*  ~  X 

c  c 

* 

*“-•  * 

X  CM  O  * 

0)  0> 

X 

O'  o  X 

*  cr.  * 

s:  s 

* 

ON  * 

*  00  * 

X 

CO  * 

*  O'  * 

IB  IB 

s: 

* 

O'  X 

;  *  vo  * 

as  2 

X 

vo  X 

*  in  * 

i 

<D  0)  0) 

OUJ  L2 

X 

in  % 

*  «3-  * 

1 

-P  <0  -P 

u.  O  O  U 

X 

<T  X 

*  oo  x 

33  1 

IB  -H  iB 

O  CJ  -P  u 

X 

oo  * 

*  CM  X 

1 

CD  O  <D 

O  O  ‘H  h 

X 

CN  * 

X  *->  X 

2  1 

i-  0)  S- 

Q£  QC  "O  Cl 

X 

— 1  * 

X  vo  O  * 

1 

UQCU 

CL  CL  UJ  O' 

* 

vo  O  X 

X  OV* 

LlJ  | 

* 

ON  % 

X  CO  X 

i 

oo  cr  in 

O'  co  cn  O 

* 

CO  X 

X  O'  X 

s:  t 

r—H  r— < 

»H  r>4  CN 

X 

O'  X 

X  vo  X 

i 

X 

no  X 

x  in  * 

i 

U.  U.  U. 

Ll  L.  L.  Ll 

X 

lH  * 

X  <sf  X 

i 

CL  CL  CL 

CL  CL  CL  CL 

X 

■3-  * 

1  *  no  * 

>-  i 

% 

OO  Sc 

X  CM  X 

i 

X 

CM  X 

*  «— »  * 

i —  i 

X 

T-H  * 

X  vn  o  X 

i 

X 

in  o  x 

ZJ 

X  cn  X 

hH  1 

X 

cr.  X 

c 

1  X  CO  X 

i 

3 

X 

ao  X 

QJ 

X  X 

— !  | 

C 

* 

O'  X 

z: 

V  X  vo  X 

i 

Q) 

X 

vo  X 

\  X  in  x 

M 1  | 

s: 

X 

in  x 

>> 

x  *cr  X 

i 

GO 

* 

■3-  X 

-4-> 

X  mX 

! —  1 

<o 

<0 

X 

oo  X 

(  X  CM  X 

1 

pH 

3 

X 

CM  X 

'  X  — «  X 

=3  i 

*H 

O 

X 

'T  X 

X  «3  O  X 

1 

Lu 

-rl 

X 

vt  O  X 

4-> 

X  CTv  X 

1 

3 

X 

Cv  X 

ro 

X  oo  X 

1 

4J 

<D 

X 

00  x 

!>  x  O'  x 

cn  i 

c 

£. 

X 

O'  * 

X  vo  X 

i 

•r* 

CL 

X 

vo  * 

(  X  in  x 

-  1 

c.  -a 

X 

in  x 

vo 

x  cr  x 

i 

CL  s_ 

X 

X 

r-H 

X  oo  x 

2  1 

o 

•o 

X 

cn  * 

I  X  CM  X 

1 

50  3 

rS 

* 

CM  * 

*  t— i  ac 

O  1 

IB  <o 

U. 

X 

— >  X 

X  oo  o  X 

1 

rH  co 

CL 

X 

OO  o  X 

X  crv  X 

cn  i 

^v  a  18 

X 

ON  * 

X  oo  X 

i 

co  co  CL 

X 

oo  * 

X  O'  X 

cc  i 

-rl 

* 

O'  X 

X  vo  X 

1 

>  <U  Q 

E 

X 

VO  X 

x  in  x 

LlJ  ( 

IB  rH  S- 

IB 

X 

in  * 

X  cr  x 

i 

rl-H  1.  3 

S- 

* 

•=r  x 

X  OO  X 

Q-  | 

l- 

a.  Ll  o  o 

O' 

X 

cn  * 

X  CM  X 

i 

4J 

W  N  >- 

-P  o 

X 

CM  X 

!  *  * 

i 

r— 1  C  50 

•h  r  cdj 

>  IB  S- 

X 

* 

X  ON  o  * 

>-  1 

O  U  P  S. 

o  o  a) 

(B  E  Cl 

X 

CM  o  X 

X  a.  X 

i 

t-  i.  -rl 

-P  -P  O' 

i — 1  s_ 

X 

ON  * 

X  00  X 

LlJ  | 

-P  IB  O  3 

<D  rs  C  C 

a  >.  o  i- 

X 

OO  X 

1  X  O'  X 

i 

c  -p  a  cr 

rH  SL  *H  H3 

CO  Q.  V4-  0) 

X 

O'  * 

r  X  vo  x 

^  ! 

O  IB  CU  C 

l-H  L>  5-  -S3 

•r<  O  N  co 

X 

VO  X 

x  in  x 

i 

UQKH 

li-  cn  cl  u 

O  O  LiJ  33 

X 

in  x 

x  <r  x 

i 

* 

■sf  * 

,  X  oo  X 

i 

O  1“H  CM 

X 

oo  X 

X  ON  X 

— i  CM  oo  cT 

in  vo  O'  co 

On  *h 

X 

CN  X 

,  *  X 

L4.Ul.U_Lu 

Lu  Lu  Lu  Lu 

Lu  Lu  Lu  Lu 

* 

* 

*  -1  o  * 

0.  a.  a.  CL 

a  a  a  a 

Q.  CL  CL  Cl 

* 

T-l  O  * 

*  ON  * 

X 

ON  * 

X  OO  X 

X 

CO  X 

X  O'  X 

X 

O'  X 

'  X  vo  X 

X 

NO  X 

'  x  in  x 

X 

in  x 

'  x  cr  x 

X 

*3*  * 

X  oo  X 

X 

oo  * 

'  X  CM  X 

X 

CM  X 

\  X  — <  * 

* 

— «  X 

*  * 

X 

X 

X  X  X  X  X 

XXX 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X  X 

X  X  X  X  X  X 

% 

XXX 

„  X  X  X  X 

*— <  cn  cn 

cr  in  vo  O'  ao 

O"'O'-<0NmcrLnio0'a3<nO— < icmooct 

X 

*  *  x 

*  *  *  * 

<N 

X 

XXX 

X  X  x  X  X 

XXX 

X  X  X  X  X 

X  X  X  X  X 

X  X  X  X  X  X 

X  X  X  X  X  X 

X 

XXX 

1 

C94 

.y.  s.  j.  /(/,  - 

•  + , 

r/r  f-  r 

'.»r,  ‘*.*r 

V  iAa  L*r  Al  wV  - 

*  co  o  * 

*  CN  * 

*  00  * 

*  CN  * 

*  so  * 

*  in  * 

*  <ar  x 

*  on  * 

*  CN  * 

*  * 

*  IN  O  * 

x  as  x 

x  oo  x 

X  CN  * 

x  so  * 

*  ui  x 

X  -a  X 

X  I m  X 

*  CM  * 

*  — •  X 

X  SO  o  X 


x  *n  o  * 

*  CTi  * 

*  oo  X 

X  CN  * 

X  SO  X 

x  in  x 

x  «c  x 

X  on  X 
X  <N  * 

X  — •  X 

x  <t  o  * 

*  Cl  * 

*  CO  X 
X  CN  * 

X  so  * 

*  m  x 

X  «c  * 

X  on  X 

X  CN  * 

*  —  * 

*  on  O  * 

*  Ci  * 

*  co  * 

*  N  * 

*  SO  * 

x  n  x 

X  *T  X 

*  on  X 
X  os,  X 
X  -i  * 

*  <N  O  * 

*  c  * 

*  00  * 

*  CN  X 
x  so  * 
x  in  * 

*  «y  * 

*  on  X 

X  CN  * 

X  ~  X 
X  «-«  O  X 

x  as  x 

X  co  X 

X  CN  X 

*  S3  X 

x  in  * 

*  >cf  * 
x  on  X 
x  cn  * 

X  —<  X 
X  X 

X  X  X  X  X 
X  X  X  X 

x  x  x  x 

X  X  X  X  X 


o 

o 

CN 

cn 

b-i  CN 


:  X  X  X  X  X  X  X 

******** 

*  * 

XXX 

lO^CNoncjiOiof'OaiO'-i^imi; 

* 

XXX 

>— i 

CN 

* 

XXX 

:  X  X  X  X  X  X  X 

******** 

X  * 

XX* 

* 

* 

* 

CO  O  * 

* 

Cl  * 

* 

ao  * 

* 

CN  * 

* 

S3  * 

* 

in  * 

* 

sr  * 

* 

CT>  * 

* 

CN  * 

* 

•“>  * 

* 

CN  O  * 

* 

as  x 

* 

* 

ao  * 

* 

* 

CN  * 

* 

* 

so  * 

CD  CD 

cn 

* 

in  * 

£rUl 

0- 

* 

>ct  * 

■P  -r-l  43 

cn 

* 

on  x 

4-  43 

* 

CN  * 

(S3 

ll 

* 

— I  X 

CH  E 

* 

S3  O  * 

■H  O  O 

X 

03  * 

4-4  4 

X 

ao  * 

0)  -P  4- 

LP 

X 

CN  * 

73  c 

s: 

X 

SO  * 

O  -P 

3 

X 

in  * 

O  CJ  -H 

_j 

X 

«cr  * 

■P  X 

o 

X 

no  * 

CD  CD 

3 

X 

CN  * 

co  -C 

* 

—l  * 

CD  -P  O 

* 

in  o  * 

•rl  43 

* 

Cl  * 

-P  Oh 

X 

ao  * 

•rl  4-  SO 

X 

CN  * 

r~ 1  ‘H  i— i 

X 

S3  * 

•H  U  Ll 

* 

X 

in  * 

43  CD  C- 

* 

X 

<sr  * 

3  a 

3 

X 

(V)  * 

<0  CO 

h— 

X 

CN  * 

cn  co 

a 

X 

— •  * 

r>  cd  cd 

cn 

X 

■d-  o  * 

CO  4 

cn 

X 

Cl  * 

u  «  a 

r- 

X 

ao  * 

2  CD 

X 

CN  * 

<X  rt  s_ 

II 

X 

so  * 

3  0-0 

X 

07  * 

X 

*CJ"  * 

(S3 

>- 

X 

on  * 

JO  •  o; 

Q£ 

X 

CN  * 

43  CD  CP 

<Z 

X 

—l  * 

rH  h— 

aa 

X 

on  O  * 

4  -H  2 

03 

X 

CI  * 

O  4  41 

h-C 

X 

ao  * 

4- 

3 

X 

CN  * 

r!3  co 

X 

so  * 

73  43  co 

X 

in  * 

CD  (B  CD 

X 

"C*  * 

«  73  4 

* 

on  * 

33  CL  ■ 

* 

CN  * 

(0  Oh 

* 

— 1  * 

CO  "0  43 

* 

* 

CN  o  * 

•rl  4-  C  -H 

* 

* 

Cl  * 

O  (0  r-l 

* 

* 

CO  * 

CD  -rl 

* 

* 

CN  * 

rH  cn  73  43 

* 

* 

S3  * 

-H  P  CD  33 

* 

* 

in  * 

4-  -rl  co 

* 

* 

<3-  * 

4  co  11 

* 

* 

on  * 

H  io  Drl 

* 

CN  * 

O  *rl  P  -rl 

II 

* 

— 1  * 

L  C  04 

* 

i-r  o  * 

43  CD  4 

* 

Cl  * 

C  43  Q.  r-l 

* 

ao  * 

OP  O 

* 

CN  * 

P  It3  CD  4 

* 

S3  * 

4  JD  43 

LP 

* 

07  * 

CD  73  C 

_ 1 

* 

sr  * 

43  J3  O  C 

i—l 

* 

on  X 

h  P4U 

Lx. 

* 

CN  * 

* 

— 1  * 

X 

* 

******* 

********* 

X 

*  *  * 

O  rn  CN  cm  in  io 

MS  cji  O  r i  in  m  ct- 

X 

*  *  * 

«— 1 

rc 

X 

*  *  * 

******* 

********* 

X 

*  *  * 

lT'v  _W  *%  " 


„■>  .  »  j."*  W>  ►.*'  »" 

.1  ■/ S-  ‘.'tnt,  *J\  -n  n“  1 


V  „  »  „  N  „“*  ] 

,r\V\.V|Al 


I 


s 


* 

*  *  * 

X 

* 

X 

* 

X  X 

X 

* 

X 

* 

******  X 

* 

X 

* 

*  * 

* 

*  *  * 

* 

*  *  * 

* 

*  *  * 

' — 1 

OS 

l  on 

n 

VO 

cc 

co 

i  oi  O  - 

i  CN  m  qj- 

* 

*  *  * 

* 

*  *  * 

iH 

ON 

* 

*  *  * 

* 

*  X  * 

X 

* 

X 

* 

X  X 

X 

X 

X 

X 

X  *  *  *  *  *  * 

X 

X 

X 

X  X 

X 

*  *  * 

*  *  * 

* 

& 

* 

X 

* 

co  O  * 

* 

00  O  X 

* 

cn  * 

CT\  * 

* 

CO  * 

* 

co  * 

* 

* 

* 

* 

X 

VO  * 

* 

LO  * 

* 

in  * 

Ln  * 

* 

^  * 

* 

«5-  * 

* 

m  *: 

* 

cn  * 

X 

04  * 

X 

CN  * 

* 

r-4  * 

r- 

— ■  * 

X 

r^  O  * 

* 

C"»  O  * 

* 

cr»  * 

* 

0-1  * 

* 

CO  * 

X 

* 

CO  * 

* 

c^  * 

X 

c-'-  * 

X 

VO  * 

X 

* 

LO  * 

X 

in  * 

O  <D 

CO 

* 

Lfl  * 

* 

* 

.n  r-i  a> 

>- 

* 

■Cl-  * 

* 

co  X 

4J  -H  JI 

CO 

* 

ro  * 

* 

C\J  X 

l+-  4J 

* 

CN  * 

X 

—  * 

2 

<D 

II 

* 

•  * 

X 

vO  O  * 

o 

CH  E 

* 

CO  o  * 

* 

cr>  x 

o 

•H  O  O 

* 

cn  * 

* 

co  X 

o 

L4—  S—  S_ 

* 

co  * 

* 

0-  X 

_J 

<a  jj  u_ 

LU 

* 

C''  * 

X 

\0  X 

3 

-u  c 

s: 

* 

LO  * 

* 

in  x 

LJ 

O  4J 

=D 

* 

an  * 

* 

«=T  X 

2 

O  <J  -H 

-J 

* 

«=f  * 

* 

co  X 

4J  X 

o 

* 

cn  * 

* 

ON  X 

LlJ 

GJ  0) 

=> 

* 

CN  * 

* 

«-H  X 

OC 

o 

co  JO 

* 

-H  * 

* 

in  o  x 

3 

„  cn 

<u  -u  o 

* 

Ll"!  O  * 

* 

cn  X 

o 

} — 

•H  -P 

* 

cn  * 

X 

co  x 

LlJ 

2 

4J  5n 

CO  * 

X 

C^  X 

U  JO 

■H  U-  VD 

* 

* 

X 

VO  X 

OHU 

rH  *H  *— * 

* 

LO  * 

* 

in  x 

cn 

Ll. 

ON 

•H  U  Ll 

X 

* 

141  * 

* 

«=t  X 

CL 

_i  CO 

4J  O  Q. 

X 

* 

"CT  * 

* 

co  X 

1—  h- } 

ON 

3  Q. 

~l 

* 

cn  * 

* 

ON  X 

>-  o 

• 

CO  CO 

H— 

* 

CN  * 

* 

-H  X 

CO 

s: 

«3* 

CO  co 

O 

* 

—i  * 

X 

•a-  O  X 

uj  <r 

z>  <u  <u 

CO 

* 

■TO* 

X 

cn  X 

o 

2  oc 

c 

co  S_ 

cn 

* 

cn  * 

X 

co  X 

UJ 

l-H  CJ 

o 

o  u  a 

f— 

* 

oo  * 

X 

X 

a  u.  O 

*H 

2  0) 

* 

IN  * 

* 

VO  X 

M 

uj  ct: 

co 

<T  r-l  U 

ll 

* 

CO  * 

* 

in  x 

=5 

Q  CL 

s_ 

3  0-0 

* 

LO  * 

* 

X 

o- 

o 

* 

«cT  * 

* 

co  X 

uj  O  uj 

z> 

<D 

>- 

* 

on  * 

X 

Osl  x 

cn  z> 

jo  •  oe. 

cn 

* 

CN  * 

X 

— <  X 

n 

1 

J  UJ  UJ 

<r 

* 

* 

X 

co  O  X 

2 

t- 

rH  h- 

cn 

* 

on  O  * 

X 

ON  X 

O 

o 

>> 

i-  -rt  2 

CQ 

* 

oc  * 

X 

CO  X 

o 

t— i 

<x 

JJ 

ouuj 

HH 

* 

oo  * 

* 

C"-  X 

O' 

H- 

•H 

Li¬ 

-J 

* 

r-  * 

* 

VO  X 

1— 

<r 

rH 

lts  CO 

* 

LO  * 

* 

in  x 

2 

51 

*H 

T3  4J  co 

* 

lO  * 

* 

*t  X 

o 

Q£ 

4J 

a;  its  a> 

* 

>=T  * 

* 

co  x 

u 

O 

ro 

co  X>  S_ 

* 

on  * 

* 

<N  X 

u_ 

o  a.  ■ 

* 

CN  * 

* 

— '  X 

>- 

2 

<1> 

Its 

* 

-4  * 

* 

ON  O  * 

CQ 

fr-H 

r— 1 

CO  ~0  4J 

h— 

* 

CN  O  * 

* 

CTv  X 

•H 

•H  4.  C  -H 

2 

* 

cn  * 

* 

CO  X 

Ll 

O  ItS  rJ 

cr 

* 

00  * 

X 

O-  X 

o 

0)  -H 

X 

* 

CN  * 

X 

VO  X 

o 

r-H 

I 

pH  co  T3  4J 

UJ 

* 

LO  * 

* 

in  x 

o 

O 

■rl  U  0)0 

o 

* 

LO  * 

* 

«=*  X 

*_ 

Ll-  -H  co 

2 

* 

"CT  * 

X 

co  X 

UJ 

JJ 

4J  «  0) 

>— » 

* 

on  * 

X 

ON  X 

o 

c 

l — 1  CO  ID  rH 

* 

CN  * 

X 

«— •  X 

<x 

o 

O  -H  O  -H 

II 

* 

^  * 

X 

»-H  O  X 

cn 

o 

!_  S-  O  U. 

* 

--I  O  * 

X 

cn  x 

CO 

-JOS. 

* 

cn  * 

X 

co  X 

UJ 

CO 

c  -u  an 

* 

oo  * 

X 

X 

s: 

=> 

o  u  o 

* 

CN  * 

* 

VO  x 

<J  ItS  0)  S_ 

* 

LO  * 

X 

m  x 

o 

t_  -Q  -U 

UJ 

* 

lO  * 

* 

<ZT  X 

X 

2 

<u  m  C 

-J 

«cT  * 

* 

CO  X 

'4 

<T 

JO  JO  O  O 

HH 

* 

on  * 

* 

C N  X 

X 

J-  u  4J(J 

Lu 

* 

CN  * 

* 

— <  X 

* 

* 

X 

X 

* 

* 

XXX 

X 

X 

X 

X 

*  S: 

X 

X 

X 

X 

******* 

X 

X 

X 

X  X 

X 

*  *  * 

* 

*  *  * 

* 

X  x  X 

OSI 

CO 

*3-  U1 

'O 

co 

CV 

O  — '  CN  on  lH  LO 

CO 

av 

O  -1 

ON 

cn 

* 

*  *  * 

* 

XXX 

— p 

ON 

*  *  * 

X 

X  X  X 

X 

X 

X 

X 

*  * 

X 

X 

X 

X 

******* 

X 

X 

X 

X  X 

X 

*  *  * 

* 

*  *  * 

C9  6 


4-> 


Q) 


o 

S- 


C 

o 

o 


CO 

r-^ 


ali  *&£ ^a.  iVvV.m.i:  %.>:. -V  "«>■*  «./  ^  y?  ^ 


m 


i 


33333333333333333333333333 

• — '  £N 

*3333333333333333333333333 


3 

m  x 

co 

3 

ro  * 

* 

CM  * 

■o 

3 

CN  3 

* 

—*  X 

4 

3 

n  3 

3: 

O  X 

o 

3 

CN  o  3 

* 

cr>  * 

o 

c 

3 

cn  3 

3c 

co  x 

CD 

o 

3 

ao  3 

3c 

r-.  X 

4 

>1 

3 

CN  * 

3c 

vO  X 

CD 

JJ 

-P 

3 

45  3 

3c 

un  x 

T3 

rH 

•rH 

fO 

3 

in  3 

3C 

<*  X 

rH  CD 

•rl 

rH 

o 

3 

<3-  3 

3c 

m  X 

G)  rH 

4- 

-rl 

O 

3 

co  *• 

3c 

CM  X 

-|H  -H 

JJ 

r~i 

3 

CN  3 

3c 

T— «  X 

2 

4-  4- 

rH 

3 

3 

— 1  3 

3c 

VO  o  X 

o 

CD 

O 

5s, 

O 

3 

45  O  3 

3c 

cn  X 

cj 

0) 

S-  rH  rH 

4 

jj  cn 

r—i 

3 

cn  3 

3c 

‘SO  X 

o 

i — t 

O  O  -rl 

-P 

•rl  CO) 

•H 

3 

CD  3 

3c 

r*s  x 

-H 

5-  4- 

C 

rH  -rl  4 

4- 

3 

Cn  3 

3c 

VO  X 

3 

4- 

4  4J 

o 

■h  >-y  c 

3 

45  3 

3: 

iT\  X 

LU 

CD  C  rH 

CJ 

jj  jj  jj  CD 

rH 

3 

in  3 

3c 

<■  x 

2 

rH  TJ  O  O 

O  -H  (S  3 

O 

3 

-si  3 

3 

m  x 

O 

(0  0  4 

co 

rH  E  cr 

i. 

3 

co  3 

* 

CM  X 

UJ  —1 

c 

4 

CD  JJ 

co 

•rl 

5»-rl  4  CD 

•P 

3 

CN  3 

3 

S— i  X 

cc  o 

o 

cu 

JJ 

-C  (0  c 

CD 

.C 

4  JJ  O  co 

c 

3 

-h  3 

3 

un  o  X 

=>  ce 

•rH 

r— 1 

C 

o 

-rl 

JJ 

JJ  3  Lu 

o 

3 

in  o  3 

3 

cr.  x 

a  i— 

4J 

•rl 

o 

CD  E  O 

4 

C  G) 

u 

3 

O'*  3 

3 

co  X 

lu  cn  2 

a 

4- 

o 

rH  O 

-P 

E  uj  jj  c  jj 

3 

05  3 

3 

X 

(J20 

o 

•rl  4  (0 

C 

o 

4  CD  (0 

>> 

3 

CN  3 

3 

VO  X 

o  o  u 

rH 

(0  4-4- 

CD 

4 

(0  O  CD  T3 

4- 

3 

45  3 

3 

Lp.  x 

oc  k-( 

<d 

O 

c 

4- 

jj  a  4  Q. 

*pi 

3 

in  3 

3 

<3-  X 

q_  i —  co 

r H 

4 

O 

rH  ««  O 

CD 

(0  CD  U  3 

u 

3 

3 

3 

cn  X 

a.  t— i 

-rl 

JJ 

4J 

o  -a 

rH 

CD 

0  0:0! 

CD 

3 

co  3 

3 

CM  X 

>-  o 

4- 

c 

L  L  co  J3 

o 

■O 

Q. 

3 

CN  3 

3 

t-H  X 

co  s: 

o 

<0 

-POT! 

fC 

4  CO  CD  CO  rH 

co 

3 

r  3 

3 

«?*  o  X 

lu  <r 

rH 

2  o 

-c 

C  4  4 

-p 

22 

3  3  3  (D 

CD 

3 

st  O  3 

3 

cn  X 

O  2  Q£ 

O 

O 

4 

O  <D  O 

o 

•rl 

3 

cn  3 

3 

<30  X 

WHO 

4 

w  ro 

O 

o  4  o 

c 

CO 

CJ  CJ  CJ' 4- 

3 

ao  3 

3 

>*  X 

Q£  U-  O 

JJ 

H- 

o 

CD 

•H 

2  2  2 

O 

3 

cn  3 

3 

VO  X 

HUK 

c 

(J  0) 

G) 

>SI  L 

<0 

CD 

GGG  > 

-P 

3 

45  3 

3 

ir,  x 

3  Q  C. 

o 

<X  -P 

4  4-  -P 

-P 

JJ  3  3  3  4- 

3 

in  3 

3 

^  X 

Or 

u 

(0 

-H  <D  4J 

c 

rC 

•rl 

-P 

3 

<=f  3 

3 

cn  x 

UJ  O  LU 

a> 

■a 

TH  » 

-H 

a> 

C  C  C  "O 

-rH 

3 

co  3 

3 

CM  X 

a:  h-  3 

4 

4 

T> 

O  CD  -rl 

£- 

J  O  3  O 

X 

3 

CN  3 

3 

i—t  X 

M 

o 

o 

(0 

E  T  H 

e 

o 

4  4  4  E 

CD 

3 

<->  3 

^Mfn^Ln'0!v'»aiO'-|<M 

lX_  »H  tH  iH 

Q. 


*33  **333333333333*33  3  3 
—  (Nfncf'/HOfsCOO\0'“ 

«  CN 

33**3*3***333*333*33*3 


jc  *  *  * 

CN  co  s* 

*  *  *  * 


X 

*  *  * 

X  X 

XXX* 

X  X 

X 

*  *  * 

<M  on  43  vo  CM 

* 

*  *  * 

* 

*  *  * 

X  X 

XXX* 

X  X 

* 

* 

* 

<X3  O  * 

* 

03  X 

* 

00  * 

* 

CM  * 

* 

43  * 

* 

43  * 

* 

xt  * 

. 

* 

on  x 

a) 

* 

cm  X 

rH 

* 

H  * 

•rl 

* 

IN  O  * 

4- 

* 

O'  X 

* 

CO  X 

18 

* 

cm  x 

HJ 

* 

43  * 

<8 

* 

43  * 

T> 

* 

«5f  * 

* 

on  x 

0) 

* 

CM  X 

£ 

* 

r  X 

2 

-P 

* 

43  O  X 

O 

* 

O'  X 

o 

4 

* 

00  * 

o 

O 

* 

cm  * 

4- 

* 

43  * 

3 

* 

43  X 

UJ 

co 

* 

4f  X 

2 

4 

X 

on  x 

0) 

* 

CM  X 

UJ  _! 

-P 

X 

w  x 

a:  O 

<d 

* 

43  O  X 

3  CX 

c 

* 

O'  X 

<3  | — 

5 

* 

00  X 

uj  2 

4 

* 

£4  x 

(J  QC  o 

IB 

* 

43  X 

O  UJ  CJ 

a. 

* 

43  X 

<30  O 

X 

cj-  x 

a-  <r  co 

4 

* 

on  X 

UJ  rH 

0) 

* 

CM  X 

>-  3= 

-P 

* 

— '  X 

cxi  s: 

c 

* 

-O  O  X 

uj  <r 

4 

* 

03  X 

02* 

* 

ao  X 

u:  rn  cj 

* 

CM  X 

ce  u_  O 

* 

43  X 

HPX 

C 

* 

43  X 

300. 

o 

* 

CT  X 

o- 

•rl 

* 

on  * 

uj  O  uj 

-P 

* 

CM  X 

<30  ( — 

(8 

* 

— 1  * 

rn 

£ 

* 

on  O  X 

2  P- 

4 

* 

<33  X 

O  CJ 

O 

* 

00  X 

O 

I — 1  <x 

4- 

* 

CM  * 

ex 

p- 

C 

* 

43  X 

f— 

<x 

-rl 

* 

an  x 

2 

s: 

* 

x?  X 

O 

£3C 

4 

* 

on  X 

a 

o 

0) 

* 

CM  * 

4 

T) 

* 

— '  X 

3- 

2 

18 

X  CM  O  X 

co 

i— i 

<D 

* 

crs  * 

.c 

* 

Q0  ;< 

*— 1 

* 

O 

0) 

* 

vO  * 

O 

rH 

lH  * 

CJ 

•lH 

X 

«g*  * 

4- 

* 

ro  :£ 

UJ 

* 

CN  * 

a 

4- 

* 

— «  * 

<x 

O 

*  o  * 

03 

* 

O' 

CO 

C 

* 

CO  * 

UJ 

o 

* 

* 

s: 

•H 

* 

VO  * 

-P 

* 

in  * 

(8 

* 

<5*  * 

X 

0) 

* 

m  * 

X 

4 

* 

CN  * 

X 

CJ 

* 

— •  * 

* 

* 

x  *  *  *  * 

X  * 

X  X  X  X 

X  X 

*  *  *  * 

rl  CM  on  <3-  43  43 

i  CM  CO 

*  *  *  * 

*  *  *  *  x 

X  X 

XXX* 

X  X 

4- 

<fl  O-v 

w  -a  xs 
0)0)0) 
4  -rl  X 
Q.4-  0) 
E  -H  TO 
O  o  C 
O  0)  -H 

a 

<0-  co  O 
CM  -P 
O  -P 
CM  O  co 
I  C  Sm 
a) 

4-  -X 
•  -  -H 
4  0) 

iB  a)  -p 

3rl  it 
-d  C 
0  4-4 
<N  0) 
O  0)  +J 
(N  3  H 
I  -!-<  <8 

t-H  4-J 

3  4- 
--  u  O 
T3  0)  • 

0)  <o  J_ 
X  C  CD  i 
-|H  O  -Q 
4-  U  E 

3 

O  0)  C 
xj-  £  > 

O  3  *0 
CM  <o  »-« 

I  co  | 

' — <  rO  *— * 


I  rH  -P  T! 
I  r»  IB  O  0) 

■a  c  co 

=  CD  -P  I  co 

—<  3  o  o) 
o  c  4 
ph  i  -a. 
CO  rH  — i  33  £ 
3  IS  0)  O 

=  -  3  o 

-P  T3  O  I 
••  O  0)HU 
>.  C  3  r-H 
C  |  O  fB  - 

18  *— *  rH  fl) 
rH  co  f— I 
4-  -  IB  CD 

•rl  -O  O  (8 

0)  0)  -rl  -rl 

-  3  -p  -p  4 

3  O  15  0)  It 

®H3H  3 
•rl  rH  Q.  0)  I 
H  «  333 
a 

o.  -P  "D  -o  « 

3  4  4  4  TJ 

co  o  o  o  a> 

O.  P  cj  x 

4  0)  Q)  CD  -rl 

0)4  4  4  4- 

co  I  I  |  t 

3  0  0  0  4 


* 

* 

* 

* 

* 

X 

o  * 

0*000 


H—  UJ  — r 

40  HH  0-(— 

>-  X  t—  UJ  UP  3-  3 
LlJ  41  CX  p-  I—  f—  UJ 

io  <3o  O  <r  UJ  uj  si 
i—  ip  a.  a  _i  _i  si 
JWuauiHO 
<x  3)  ex  =3  o  u.  cj 


*  *  * 

X  X 

XXX 

<N  fO  ^ 

X 

X  X  * 

X 

X  X  * 

*  *  * 

X  X 

XXX 

X 

X 

X 

CO  o  X 

X 

O'  * 

X 

ao  * 

X 

CM  * 

X 

43  X 

X 

43  x 

X 

X 

X 

on  x 

X 

CM  X 

X 

-*  X 

X 

CM  o  X 

X 

o'  x 

X 

CO  X 

* 

CM  * 

X 

43  X 

3 

X 

43  X 

C 

X 

4T  X 

<U 

X 

on  x 

E 

X 

CM  X 

X 

rl  * 

X 

43  O  X 

4J 

X 

03  X 

*rH 

X 

co  X 

rH 

X 

CM  X 

-rH 

X 

43  X 

-P 

X 

43  x 

X 

xr  X 

X 

on  X 

O 

X 

CM  X 

rH 

X 

—  X 

•H 

X  1 

43  O  X 

Lx. 

X 

03  * 

X 

ao  * 

i- 

rH 

X 

cm  x 

<u 

O 

X 

43  X 

"O 

i- 

X 

43  x 

-P 

X 

Xj-  * 

OJ 

c 

X 

on  x 

o 

X 

CM  X 

a 

X 

r-i  * 

a> 

x  <o  O  X 

1 

o 

X 

03  * 

•r- 

-p 

X 

CO  * 

u_ 

X 

cm  X 

c 

X 

43  x 

L. 

X 

43  X 

• 

3 

X 

x*  X 

o 

-P 

X 

on  X 

00 

<D 

X 

CM  X 

S- 

X 

rl  X 

CD 

X  m  o  X 

m*~~ 

o 

X 

03  X 

u. 

-p 

X 

ao  X 

X 

CM  x 

VO 

X 

43  X 

»*H 

X 

43  X 

Ll. 

X 

xj-  X 

CL 

X 

on  x 

X 

CM  * 

CO 

X 

~H  X 

CO 

X  CM  o  X 

<1> 

X 

03  X 

X 

CO  X 

CL 

X 

CM  X 

X 

43  X 

X 

43  X 

X 

xj-  X 

X 

on  X 

X 

CM  X 

X 

rl  X 

X  — <  o  X 

X 

03  X 

X 

ao  X 

X 

CM  x 

X 

43  X 

X 

43  x 

X 

xj-  X 

X 

on  x 

X 

CM  X 

X 

n  X 

X 

X 

*  * 

X  X 

*  X 

m 

x  x 

X  X 

X  * 

X  x 

*  *  * 

*  X 

*  X 

I 


& 


i 

m 

w 

m 

* 


Wl 

ijfjj 

1 


KM 


&1| 

*»rV 


*  *  * 
*  *  * 
*  *  * 
*  *  * 
* 

<o  o  * 

cn  * 
CO  * 

c-  * 

lO  * 
in  * 
* 

m  * 
CM  * 
— <  * 
c^  O  * 
c n  * 
oo  * 
r-  * 
vo  * 
in  * 
<0-  * 
cn  * 
CM  * 
—i  * 

VO  O  * 
crv  * 
co  * 
t''  * 
vo  * 

in  * 
«=J-  * 
cn  * 
CM  3: 
— •  * 
in  o  * 

cn  * 
.oo  * 
c»  * 

VO  * 
in  * 
■=*  * 
cn  * 
CM  * 
— '  * 
■tf  O  * 

CTV  * 
OO  * 
* 


************************ 
(Ncn^iCUOI^oOOO’-'tNmsfinvoCicooiO'^Wmii 
,_‘  CM 

************************ 


Q£  U-  o 


33  09 
O  co  S_ 


* 

<o  X 

H  UJ  Cn 

C 

X  C  CD  r-i 

* 

in  * 

OQC L 

o 

-H  O  XI  Q. 

* 

* 

Or 

•rl 

4-  U  E  Q. 

* 

cn  *: 

uj  O  UJ 

-U 

3  3 

* 

CM  * 

cn  1—  Z> 

CO 

O  <u  C  co 

* 

* 

t-H 

E 

E  - 

* 

cn  O  * 

2  h- 

4 

O  3  vo  X 

* 

CT>  * 

O  CJ 

o 

CM  «  <H  5) 

* 

CO  * 

o 

M  <X 

4- 

1  10  |  CO 

* 

c-  * 

O' 

f- 

c 

■— 1  10  *-*  3 

* 

VO  * 

u- 

<r 

•H 

v-/  v-/ 

* 

in  * 

s 

s: 

* 

* 

o 

cn 

4 

* 

cn  * 

CJ 

O 

0 

* 

CM  * 

u 

33 

* 

-t  * 

>- 

2 

fO 

* 

CM  O  * 

CO 

>-t 

<0 

. _  4c 

* 

cn  * 

x: 

* 

* 

00  3: 

T* 1 

~  * 

* 

r-  * 

o 

O 

* 

* 

vo  * 

o 

i — t 

“  * 

* 

in  * 

CJ 

•rl 

°  * 

* 

* 

4. 

°  y?  o  * 

* 

m  * 

UJ 

* 

* 

CM  * 

CJ 

4. 

r— 1  Q  w 

* 

-«  * 

<r 

c 

II  II  II  II 

* 

O  * 

CO 

* 

* 

cn 

c 

Q  1 — 

* 

(O  * 

LU 

o 

— 1  CO  M 

* 

* 

Z 

•H 

2UI>X 

* 

M0  * 

4J 

LJ  H  UJ  LU 

* 

in  * 

(0  • 

_J  U  id  Qc 

* 

<■  * 

* 

<3 

CJ  >-  |-  Ul 

* 

cn  * 

* 

4 

ul  Ul  _J  CO 

* 

CM  * 

* 

CJ 

cn  id  <r  3  i 

* 

-«  * 

* 

* 

* 

* 

*  *  * 

*  * 

*  *  *  * 

*  * 

* 

*  *  *  *  : 

* 

* 

*  * 

—i  CM 

cn  ef  in  vo 

cv  oo 

o  o  -i  cn  m 

* 

* 

*  3: 

r--< 

* 

* 

*  *  * 

*  * 

*  *  *  * 

*  * 

X 

*  *  *  * 

o  o 


to*** 
I  I  *  *  * 
I  z>  *  *  * 
*  *  * 
I  -  *  *  * 
33  *  *  * 
O  *  *  * 
X  *  *  * 
•H  *  *  * 
4-  *  *  * 
I  *  *  * 

U.  *  *  * 
•  v~-  *  *  * 

*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 
*  *  * 


ui  z  z, 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  * 


0 

JJ 

* 

l — ! 

(J>  Cl  * 

* 

* 

* 

*rH 

CO)  * 

X 

* 

* 

4- 

0)  f—l  * 

X 

* 

* 

r-t  -rl  * 

X 

* 

* 

rC 

4-  =  * 

X 

* 

* 

4J 

co  O  T3  eo  * 

X 

* 

/—v 

* 

ra 

to  3  3  H  a)  33  * 

X 

* 

M 

* 

T3 

ui  01  oi*  /-v3u* 

X 

* 

ra 

3 

* 

U-HXUI  3300* 

X. 

+* 

c 

C 

* 

0 

au.  <u  cn  <o  r-i  o  * 

X1 

'S* 

o 

0 

* 

J= 

£■(-13333  3  H  01  * 

X 

* 

•rl 

B 

* 

2 

4J 

O  U  C:  OIOS-* 

X 

* 

4J 

* 

O 

O  0  -H  f—l  * 

X 

* 

a 

* 

CJ 

t- 

a  1  rl  4J  3  * 

X 

* 

o 

4J 

* 

O 

o 

vf  »  o  |r.iooa>* 

X 

* 

NJ 

•H 

* 

_J 

4- 

CM  JJ  33  C  CO  * 

X 

* 

X 

rH 

* 

3 

O  -J  =  0  4J  |  CO  * 

X 

* 

X 

*H 

* 

Ul 

co 

CMOCO>-h3O*-i0* 

X 

* 

X 

4J 

* 

2 

L. 

1  C  >iCn  O  C  j_  * 

X 

* 

0 

3 

* 

0 

cH  0  UJ  r-H  1  v  a* 

X 

* 

r~  1 

* 

UJ  _J 

4J 

U  JCC/1  H<13  E* 

X 

* 

•ft 

0 

* 

Ce  O 

0 

•  '  -rl  3  IS  0  O  * 

X 

* 

4- 

fH 

* 

3  O: 

C 

S_  0  =  v  3  u  3 

X 

* 

■H 

* 

O  h* 

r3 

(0  0  UJ  +13  0  1* 

X 

* 

c 

Lu 

* 

Ul  2 

S- 

3H  IB  -•  O  0  r— 1  (J  * 

X 

* 

* 

U  a  Q 

JC 

rl  C  >i  C  3  rl  * 

X 

* 

rH 

* 

O  ui  CJ 

a 

O  4-  i~  C  |  O  (8  «  * 

X 

* 

T3 

O 

* 

Q£  Q 

CM  0  IB  ih  rl  0  * 

X 

* 

0 

S- 

* 

C-  <E  CO 

S- 

O  0  -M  r— 1  CO  r—l  * 

X 

* 

~o 

4J 

* 

Ui  H-i 

0 

CM  3H4-  -IBCX3* 

X 

* 

3 

c 

* 

>-  3 

-jj 

1  -H  IB  -rl  33  O  IB  * 

X 

* 

t—\ 

o 

* 

oo  51 

c 

— <  +J  0  0  -H  -rl  * 

X 

* 

u 

CJ 

* 

ui  <r 

UJ 

34.  >  3  +J  +)  C* 

X 

* 

c 

* 

0  2  0: 

■'0033  010018* 

X 

* 

•r! 

o 

* 

CM  cn 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 


>SW. 


12  3  456  7  890 1234567890 1234567890 12  3  4567  890 12  34567  89<j>  12345678901 2345678901 234567890 


a 


4C 

* 

*  * 

* 

* 

* 

* 

X 

* 

* 

* 

4C 

*  * 

*  4c  * 

4c  4c  4c  4c  4c  4c 

4c  4< 

4c  4c  4c 

4c 

X 

4c  4C  4c 

4C 

* 

*  * 

f-»  CN 

on  ^  an  so  in 

00  On  O 

*—«  cn  on 

cJ’iTimDCmcooiO'-' 

CNmct 

4c 

4c  4c  4c 

X 

* 

*  * 

CN 

4c 

4c  4e  4C 

* 

* 

*  * 

* 

* 

* 

* 

* 

4c 

* 

* 

* 

*  * 

4c  4c  * 

4c  4<  4c  4:  4c  4c 

4c  4c 

*  4c  * 

4: 

4c 

4c  4c  4c 

* 

* 

X 

•  * 

* 

oo  o  * 

rs 

/■N 

X 

eoO* 

* 

ON  X 

-O 

/■N 

>- 

X 

on  4c 

4c 

ao  * 

03 

>P 

QC 

4c 

<30  4c 

X 

cn  * 

c 

O 

hH 

X 

CN  4c 

* 

mo  * 

tn 

5. 

ZD 

4c 

so  4c 

* 

on  * 

•H 

f-s  a 

Or 

4C 

tin  4c 

* 

«r  * 

03 

>» 

2 

X 

<3-  4c 

4C 

on  * 

C  O-S 

rH  *  1 

HH 

4c 

m  X 

4C 

<N  * 

3  on 

C  1 

cn 

* 

CN  4c 

4C 

-«  * 

i 

O  CN  C 

n 

>i 

* 

— '  4c 

4c 

cn  o  4c 

ZD  1 

'  O 

t— 

XI 

X 

NO* 

4C 

on  * 

33 

>1  o 

<x 

4c 

On  4c 

4C 

oo  * 

% 

r*  r-s  its  i-  CQ 

2: 

XJ 

X 

ao  4c 

4C 

cn  * 

T>  - 

r\ 

■OUd  410 

QC 

o 

4c 

cn  4c 

4C 

SO  * 

03  lH 

sz 

s  oi  a  n  i 

o 

03 

4C 

M5  4c 

4c 

on  * 

C  -H 

•p 

3  3  <°  m 

Ll. 

3  • 

X 

in  x 

* 

«5j  * 

O  1 

O' 

O  O  -H  cn  - 

1  3 

4c 

4c 

X 

on  * 

• 

N  rvi 

C  rs  /— n 

rH  rH  X3  C  1  /-s 

-J 

03  C 

4: 

m  4C 

X 

CM  * 

CO 

C£ 

i 

0)  >\  "O  r-t  r-H  1  -H  s 

<r 

-n  £  0) 

4C 

CM  4c 

X 

-«  4c 

c 

LJ 

INI  - 

rH  rH  03 

B  B  CN  X3  C  - 

s 

4  B  E 

4c 

T“ <  X 

* 

mo  O  * 

o 

(- 

CN 

C  -P 

B  O  = 

or 

O  C 

4C 

so  O  4c 

* 

c n  * 

*H 

s 

'  on 

-  O  B 

-P  -P  '03 

LJ 

-P  >N 

* 

on  4c 

* 

00  * 

-P 

LJ 

-P  03 

O  O  4  pH  QC  X3  H- 

B  03  -P 

X 

ao  4c 

* 

c^  * 

• 

fO 

<1)  1 

C  co  CL 

C  C  03  CJ  C  2 

rH  -P  -rt 

X 

CN  4c 

* 

VO  * 

03 

o 

CO 

-P  CJ 

•r<  XI  03 

1  1  -P  co  1  B  H 

3  B  rH 

4c 

so  4c 

* 

on  £ 

c 

•H 

CO 

u 

r-l  Lhh4.  Crt  CN 

E  c  -H 

X 

un  4c 

* 

■d-  * 

o 

4- 

a) 

B  ' 

E  03 

B  03  -  = 

4 

J  4  -P 

4c 

•d-  4c 

4C 

on  4c 

*|H 

•H 

E 

S-  «d- 

O  -H  X3 

'  '  4  a  ift 

O 

o  03  ZD 

X 

m  x 

X 

CM  * 

-P 

o 

Q. 

B  1 

i-  4-  p-t 

X3  X3  -X  CL  3  = 

4- 

u  +J 

* 

<N  4c 

* 

* 

b 

<D 

sz  oa  4-  <u 

03  03  C  a.  E  1 

B  rH  0) 

4: 

rl  * 

* 

in  O  * 

o 

a 

-a 

u 

O  *rl 

3  3  ^0  3  -H  on 

>* 

fO  rH 

4c 

sD  O  4c 

4J 

4C 

on  * 

*|H 

03 

c 

1 

x:  -rl  4- 

O  O  rH  03  £ 

rH 

03  s-r  -rt 

4c 

on  4c 

4c 

oo  * 

4— 

B 

CJ  00 

03  i. 

r-l  r-l  S 1  | 

c 

X 1  Ll. 

X 

oo  4c 

o 

* 

cn  * 

•H 

TO 

1 

4J  O  <0  H  H  CP  — 

o 

4c 

4c 

CN  4C 

4C 

MO  * 

O 

rH 

• 

03 

-  CL 

B  E  -rt 

fO  O  '  C 

O  4c  rH 

4c 

MO  4c 

<4— 

4C 

in  * 

a 

03 

<D 

03 

>> 

rH  3  SZ 

C  M-HC 

XJ 

-P  4c  O 

4c 

u<n  4c 

4c 

«=r  X 

a 

*pH  rH 

S-  •• 

D  C  4J 

XJ  X3  1  co  rH  i 

03 

*  4 

4c 

■d-  4c 

o 

* 

cn  4c 

03 

4- 

*H 

E 

B  X 

CJ 

r*  H  H  03  -rH  CN 

03 

03  4C  -p 

4c 

m  4c 

QJ 

4C 

CN  X 

4- 

-p 

C  BH  l  # 

0)  03  4  B 

3 

E  4c  E 

X 

CN  4c 

Q- 

X 

—•  * 

-o 

<1) 

c 

•H  E 

B  O  03 

•rt  -H  '  a  4 

- 

B  4c  O 

X 

4C 

co 

* 

«d-  o  * 

rH 

-C 

0) 

a> 

33 

o  4-  E 

4-4-  4  a  -P  = 

c  *  u 

4c 

•d-  O  4C 

* 

cn  * 

<u 

-p 

SZ 

1  1 

*|H 

03  3  1  - 

cn  ^ 

4c 

4c 

On  4c 

* 

ao  * 

•iH 

-P 

<13 

o a 

MJ  034J4-4--P  CO  1—1  = 

3>  co  XJ  4c  O 

4c 

OO  x 

* 

cn  4c 

4- 

<u 

-P 

CO 

O  C 

0  0  4-  -  1 

CJ  Q3  rH  4C  -P 

4c 

IN  4c 

a) 

4C 

MO  * 

-p 

E 

ns 

'  o 

C  -H  4- 

B  O  C  -> 

1  >> 

03  4c 

4c 

MO  4c 

4C 

in  x 

4- 

ca 

o 

♦H 

-c  a 

4-  O 

-P  03  4  cn 

— 1  1 

■rl  4c  C 

4c 

Ltn  4c 

Ll 

* 

«d-  * 

O 

0)  4- 

E 

03 

4_  o 

4  J  J£  03  -H 

*—4 

4-  4c  4 

4c 

■d-  * 

* 

on  * 

E 

a. 

•HB  i- 

O  B  C  N  CO  03 

*  3 

X 

cn  * 

* 

CN  X 

c 

u 

o 

U  03 

03 

a  xi  b  c 

X  ' 

4  4c  -P 

X 

CM  X 

X 

-H  * 

O 

E 

B  -H 

'  -Q 

0)  Q-|H  O  O  O 

03  O 

03  4c  0) 

4c 

-•  4e 

Cvj 

* 

on  O  * 

♦r! 

03 

CL 

a-o 

rH  ON  E 

4  3  S3  C  C  C 

sz  c 

■P  4c  4 

4c 

on  O  4c 

00 

* 

ON  X 

4J 

a> 

CL 

i 

C  1  3 

1  1  1  1  1  1 

1  1 

C  4C 

4: 

ON  X 

* 

00  * 

B 

■r* 

03 

a.  Tt 

OO  COOOOOOOOLJ*  o 

X 

ao  4c 

* 

t>-  X 

a> 

S- 

V-/  s-' 

'W'  >!«/ 

v-f*  NJ  M-/  W  s-/  4/ 

W  X  -P 

X 

X 

* 

MO  * 

S- 

-P 

03 

X 

4c 

VO  X 

4C 

in  x 

u 

c 

x: 

*  SO 

4c 

un  4c 

4c 

«=j-  * 

a 

-P 

* 

4c  4c  i— * 

4c 

-d-  4c 

* 

on  * 

* 

*  4c  U- 

4c 

cn  X 

X 

CN  X 

o 

0) 

X 

*  *  a 

4c 

cn  4c 

X 

X 

CO 

* 

4c  4c 

X 

— *  X 

4C 

CM 

o  * 

o 

b 

* 

X 

4c  4c  co 

4c 

CN  O  4C 

X 

On  * 

SZ 

s: 

X 

* 

X 

X 

4c  4:  co 

4c 

ON  X 

* 

CO  X 

1— 

* 

X 

* 

4c  <-• 

4c  4c  03 

X 

ao  4c 

* 

cn  * 

* 

at 

u  * 

*  00000000004=  *  i- 

X 

CN  4c 

* 

vO  X 

C- 

4c 

so  4C 

4C 

in  x 

. .  .. 

X 

sn  4c 

4C 

«=t  X 

-  ■ 

■P  sz 

SZ  to  u 

03  03  03  rH 

4J  .  . 

.  .  CO 

X 

•d-  4c 

X 

on  * 

03 

•  • 

ns  4J 

-P  O  03 

XJ  X3  X3  CO  4 

■rl  a  T3  B 

X 

on  4c 

X 

CN  X 

E 

o 

E  cn 

O'  Q.  U 

O  O  O  CO  -P  B 

X!  E  rH  H 

X 

CM  X 

* 

*“•  X 

IB 

o 

s.  c 

c  c 

P  v  o  0)  C  S 

0)  ra 

03  rH 

X 

*-«  4c 

X 

•  ■  i 

o  * 

c 

rH 

O  03 

03  rH  03 

4  O  E 

-p 

■rl  B 

X 

—  O  4c 

X 

ON  X 

4-  r-l 

H  ®  L 

■U  0)  >  O  U  o 

>  co  4 

4c 

ON  X 

* 

CO  * 

TO 

-P 

E  4 

4  4-  b  a  u 

4 

XJ 

4c 

ao  * 

X 

X 

rH 

e 

*  *H 

O  B  rH  3  C  N. 

ro  03 

•  rH 

4C 

X 

X 

O  X 

03 

B 

AJ  4J 

4J  O  U 

O.  “O  Q.  03  01  rH 

C  -P 

E  03 

4c 

vO  X 

X 

vn  x 

HJ 

c  c 

X  03  U 

03  Q.  co  |  -H  O 

•rt  B 

3  -H 

X 

an  4c 

* 

*7  X 

u.  cn 

M  hH 

UJOOcc^OOCOQ 

aauu. 

4c 

<d-  4c 

* 

on  * 

X 

on  4c 

X 

OM  4C 

X 

CM  X 

* 

*-♦  X 

* 

— '  4c 

X 

X 

tc 

X 

* 

* 

*  * 

X 

* 

X 

X 

4C 

* 

* 

* 

X 

4c  4c 

4c  4C  4c 

4c  4c  *  4c  4c  4c 

X  X 

4c  4c  4: 

4c 

:t 

4c  4c  4c 

* 

* 

*  4c 

•—» 

CN 

m 

*?  on  so 

CO 

C3S  O 

*— *  cn  m 

ctuCn'OC^-cocriO— 1 

(\  m  cJ 

X 

x  x  x 

* 

* 

X  X 

fH 

CN 

X 

4C  4C  4c 

X 

* 

*  * 

* 

X 

* 

* 

* 

* 

* 

* 

X 

4e  4c 

4c  4c  4C 

4c  4c  4c  4(  4c  4e 

4c  4c 

4c  4:  4c 

4c 

4c 

4C  4c  4C 

mzm 


* 

* 

Sc  * 

* 

S« 

S: 

* 

* 

St 

X 

sc  sc 

Sc  Sc 

Se*****ScSc 

* 

Sc  Sc 

Sc  Sc  Sc 

Sc 

Sc 

Sc 

X 

* 

*  * 

CN 

cn 

in 

vo 

N*  ao 

cn  O 

•unjmclinvocnco 

»  O  p 

(Nmc 

Sc 

Sc 

* 

* 

sc  * 

CN 

S: 

Sc 

* 

sc 

*  sc 

Sc 

Sc 

Sc 

Sc 

* 

Sc 

SC 

Sc  Sc 

S:  Sc 

ScScScScScScScSc 

Sc 

Sc  Sc 

Sc  Sc  * 

Sc 

Sc 

Sc 

* 

X 

X 

X 

co 

o  * 

rs 

Sc 

OO 

* 

o>  X 

TJ 

3- 

Sc 

* 

OO  X 

a) 

44 

CX 

Sc 

* 

cn  * 

c 

O 

hH 

Sc 

* 

VO  * 

,  CT 

4 

3 

SC 

* 

l n  * 

*rl 

/-*  a 

o- 

Sc 

sc 

«sr  * 

09 

>)  r' 

2 

X 

X 

m  * 

c  p-v 

rH  *  1 

/-N 

HH 

X 

% 

CN  X 

3  us 

C  1 

CO 

SC 

sc 

—<  sc 

1 

O  CN  C 

II 

Sc 

X 

o  * 

=>  1 

'  o 

h- 

43 

Sc 

* 

cn  * 

>»  o 

<z 

Sc 

* 

00  Sc 

«* 

ap,  U  4  ffl 

z. 

X3 

Sc 

* 

cn  * 

-O  - 

p-v  -Dtlrl  CIO 

cx 

CD 

Sc 

X 

<0  SC 

0)  lH 

sz  oj  <u  a  n  I 

o 

09 

Sc 

* 

US  Sc 

c  —< 

44  3  3co  on 

u_ 

3  • 

Sc 

sc 

X 

O  1 

CTi  O  O  -H  CT  - 

1  35 

X 

sc 

cn  X 

• 

N  fN 

C  /-*»  rH  i— 1  "D  C  I 

y-s 

-J 

0  C 

Sc 

* 

CN  X 

09 

cx 

i 

O  >TIHH  1  -H 

= 

<x 

r-s  t  CD 

S: 

* 

*“«  * 

c 

UJ 

M  * 

r-lpHOJlOfCCNTSC 

% 

2 

4  m  E 

Sc 

s= 

i-o 

O  Sc 

o 

H 

CN 

c  44  mo 

z 

cc 

o  c 

Sc 

VO 

Sc 

cn  Sc 

-H 

2 

>  m 

•  O  m  44  44  -  CJ 

UJ 

44  >> 

Sc 

sc 

00  X 

+j 

UJ 

S-  •— i 

44  Cl  O  O  S.HUC 

•o  i — 

<73  CD  -P 

S: 

* 

Cn  Sc 

(5 

cu  1 

c  m  o.  c  c  <u  cj 

c 

2 

rH  44  -pi 

Sc 

sc 

o  X 

03 

u 

09 

-o  CJ 

■H  m  t  1  |  44  ea  | 

m 

HH 

33  m  ph 

Sc 

% 

us  Sc 

c 

■H 

09 

<J 

r-s  4  t-t  — 1  4.  co  CN 

E  C  -rl 

S: 

% 

■cr  sc 

o 

4- 

CD 

ns  • 

E  CJ  18  Cl  • 

Z 

4 

35  4  44 

S: 

* 

(V)  Sc 

*r< 

•H 

4 

4  -c* 

O  *H  “O  **  >  £-  03 

O 

<4  0  33 

X 

X 

CN  X 

4-< 

a 

a. 

re  l 

44HTJ-OJC  0.0 

z 

4- 

U  44 

Sc 

•X 

T-i  X 

10 

o 

JCC04-  si  os  m  c:  a  c 

1 

(73  rH  CD 

X 

* 

iT\ 

O  X 

o 

0. 

TS 

u 

o  -h  3  3  m  zs  -h 

cn 

>k 

as  rH 

X 

in 

* 

Cn  SC 

*r» 

09 

c 

1 

TItI400H»E 

rH 

CD  w  -H 

X 

sc 

CO  * 

4- 

f0 

CJ  CO 

CJ  4  pH  pH  43  | 

c 

43  Li_ 

SC 

sc 

CN  X 

-<H 

■a 

I 

4J  O  w  r~i  rH  r~4  CT> 

z 

o 

Sc 

X 

sc 

co  SC 

<J 

rH 

• 

CO 

-  a. 

UJ  E  *H  <0  (Q  O  -  C 

tf* 

OSH 

sc 

sc 

lO  X 

O 

a) 

CD 

CD 

>i 

pH  3  -C  C  o-iH 

z 

T3 

44  SC  O 

Sc 

* 

X 

a 

•H 

rH 

'H 

4  •• 

3  C  4JT3TS  1  c>  rH 

1 

CD 

Sc  4 

Sc 

sc 

<V)  X 

03 

4- 

•H 

4 

iB  X 

CJ  rH  rH  f-H  CD  -H 

CN 

CO 

0  *  44 

X 

sc 

CN  X 

4- 

44 

C  10 

rH  4  CO  O  OJ  4  rO 

o 

E  Sc  c 

X 

Sc 

*-*  X 

-a 

a) 

C 

*H  E 

m  O  CJ  -rl  -rl  »  a  4 

% 

m  sc  o 

Sc 

X 

■3- 

O  sc 

r— t 

.c 

0 

a; 

xi 

U  4-  EU-I+.  4  0.44 

z 

c  SC  CJ 

Sc 

■C* 

X 

ON  SC 

o 

44 

43 

i  t 

-H  QJ  Z3  1 

* 

CO  ^ 

SC 

Sc 

* 

<30  X 

-r 1 

-P 

<u 

CO 

44  0J44l4_l+.4J 

z 

=>  »  XI  sc  o 

Sc 

* 

CN  Sc 

4- 

a; 

-M 

03 

O  C  0  0  4 

1 

CJ  0 

pH  sc  44 

Sc 

Sc 

vo  Sc 

44 

4 

<0 

'  o 

C  -rl  4-  moo 

1  >» 

0  sc 

Sc 

* 

lTi  X 

4- 

ra 

O 

•a  a. 

4-  O  44  OJ  4  Cl 

— '  1 

-rl  SC  SZ 

Sc 

* 

<cr  sc 

o 

<U 

4- 

4 

<D 

<4-  CJ  4  44  4>S  QJ  -rl 

*H 

4-  Sc  4 

Sc 

* 

cn  X 

4 

a. 

-X 

•H"040mCNM 

CD 

- 

SC  35 

X 

* 

CN  X 

c 

o 

o 

CJ  09 

QJ  Q.  “O  m 

sz 

X  > 

4  Sc  44 

S: 

-H  X 

o 

4 

ns  -pi 

>1  -  43  O  O.  I— 1  o  o 

o 

0  o 

0  S=  0 

Sc 

* 

cn 

O  Sc 

-n 

09 

Q. 

a  -a 

HOI  E  4  3C  C  C 

c 

43  SZ 

44  sc  4 

X 

cn 

X 

a\  X 

-p 

<D 

a 

i 

C  1  O  1  1  1  1  1 

1 

1  1 

C  Sc 

Sc 

* 

co  x 

re 

*H 

fl3 

a.  st 

OOCOOOOOOOOLUSc  O 

X 

* 

CN  Sc 

<v 

4 

'fc-/  4-* 

s«/  W  >»/  N— * 

'  >*✓ 

^  X  4J 

S: 

* 

vo  Sc 

u 

-P 

CD 

X 

S: 

% 

us  sc 

u 

C 

sz 

Sc  vo 

Sc 

X 

<=r  x 

<D 

4J 

Sc  Sc  -4 

Sc 

* 

OH  SC 

Sc  Sc  Ll. 

X 

x 

CN  X 

a; 

Cl) 

*  *  a. 

Sc 

* 

— <  X 

09 

Sc  Sc 

Sc 

X 

<N 

O  SC 

0) 

m 

S:  S:  «> 

* 

<N 

* 

cr>  X 

43 

s: 

PH 

S:  Sc  M 

X 

* 

OO  X 

i — 

o  o 

X  X  CD 

X 

* 

X 

r30Q_rovooOOOOOOOOO 

Sc  Sc  4 

X 

* 

vo  X 

CL 

X 

* 

US  Sc 

•  .  .. 

•  • 

Sc 

* 

•cf  sc 

•  • 

-J  43 

JT  03  09  CD  CD  a>  rH 

4J  •• 

•  ■  09 

X 

X 

cn  X 

<D  -- 

n3  <u 

440OTS73T3M4 

•H  CL  X!  m 

sc 

sc 

CN  X 

c  O 

E  oi 

OID.U  O  O  O  »4J 

fO 

■O  E 

rH  *fH 

X 

* 

*—  X 

m  o 

4  C 

c  c  o  u  o  o  c 

E 

CD  fO 

CD  rH 

S: 

* 

r'H 

O  Sc 

C  pH 

O  CJ 

QJ  pH  OJ  4  0 

E 

4J 

•H  ,73 

X 

i  < 

* 

cn  Sc 

pH 

rH/3t-4Jd)>au 

o 

>\  09 

4- 

* 

X 

co  x 

T3  4J 

E  4  4  44  m  a. 

CJ 

4 

X 

Sc 

* 

X 

p4  4 

* 

-  -H  33  O  m  pH  o  c 

m  0) 

*  rH 

Sc 

* 

vO  X 

a>  03 

4J  44 

44uijo.-aa.Moir-i 

C  44 

E  0 

* 

* 

wTl  X 

•H  -O 

C  C 

X  CJ  <4  O  Q.  co  |  -rl 

o 

•H  <73 

3  -rl 

X 

* 

<■  X 

4-  CO 

M  hH 

iiiooccocioai 

a 

CO  CL 

cj  u- 

X 

* 

m  sc 

X 

* 

CN  SC 

X 

* 

r-1  X 

X 

* 

X 

Sc 

* 

X 

SC  Sc 

Sc 

SC 

X 

Sc 

Sc 

X 

X 

Sc  Sc 

Sc  SC 

SCSCSCSCSCSCSCSC 

X 

Sc  S: 

SC  s  SC 

* 

X 

X 

* 

St 

Sc  Sc 

■  “  1 

<N 

cn 

<r 

in  vo 

co 

cn  O 

•— icNmcj-usvoc^oo 

<T» 

O  — 

<N  H  C 

* 

X 

* 

X 

*  Sc 

r— C 

CN 

X 

Sc 

* 

X 

X  x 

Sc 

SC 

X 

* 

Sc 

sc 

SC 

Sc  Sc 

SC  Sc 

ScScScScScScScSc 

Sc 

Sc  Sc 

Sc  Sc  Sc 

Sc 

sc 

X 

C1CJ 


sc  * 

*  sc 
sc  * 

*  * 
* 


sc 

*  * 
Sc  * 
*  * 
*  sc 


12345676901234567890123456789012345678901234567890123456789012345678901234567890 


XXXXXXXXXXXXXXXXXXXXXXXXXX 
•-<<Nm«jji'orscoaiO’-|fN<vi<7L/i'oc^coa'0’-<<Nmcr 
-h  CN 


XXXXXXXXXXXXXXXXXX.XXXXXXXX 


* 

O'  * 

-D 

>- 

* 

oo  X 

0) 

44 

Q£ 

X 

cm  * 

C 

o 

JH 

X 

VO  * 

.  o 

S- 

3D 

X 

lTI  x 

•H 

/-v  a 

O' 

* 

«t  X 

CO 

> 

2 

* 

on  x 

C  /-> 

rH  *  1 

/-V 

JH 

* 

CM  * 

3  in 

C  1 

03 

* 

—i  * 

1  '—| 

O  CM  C 

I! 

>, 

* 

CM  O  * 

=>  1 

'  O 

H 

JO 

X 

O'  * 

3> 

>i  O 

<r 

* 

oo  X 

. 

ra  s.  oo 

s: 

■a 

* 

cm  * 

•C  *  /M 

T3  TJ  rH  4J  <3 

or 

0) 

* 

VO  * 

<u  in  .c 

<U0JQ.NI 

O 

to 

X 

lD  * 

C  •-<  44 

3  3  »  co 

Li- 

3  • 

X 

<=t  X 

O  1  O' 

O  O  -rl  O'  - 

1  3 

* 

on  X 

N  04  C  /-> 

C  1 

/‘""N  - t 

0)  c 

X 

oo  X 

■r! 

44  <U 

X 

CM  X 

4- 

0)  4-1 

X 

>0  X 

44  S-  fS 

X 

in  x 

4. 

IB  O  -H 

X 

mt  x 

O 

0)  4-  S- 

X 

On  * 

s.  a. 

X 

CN  X 

C 

u  O 

X 

-H  X 

o 

S- 

X 

on  O  X 

•ft 

co  a. 

X 

O'  X 

44 

QJ  CL 

X 

oo  X 

IB 

-rl  <fi 

X 

CM  X 

<u 

l- 

X 

VO  X 

S- 

44  <U 

X 

in  x 

u 

c  j: 

X 

<=f  X 

<U  44 

X 

on  X 

X 

CM  X 

OJ  QJ 

X 

-n  * 

CO  -X 

X 

CM  O  X 

<U  <0 

X 

O'  X 

.c  s: 

X 

oo  X 

h- 

O  O  o-  I'm  <— 10OOOOCOOOOX 


4jrr«uuii)(i) 


440  4>'0'0'a<oS-  -HQ.' 

io>a,  oooomjjih-uEi 

c  cuooa>CEo>ra 


i-  O  E 


It-HH  l5L4Jlll>ayO>iffl 


E  i.  i--u  «  a  os. 

••rl30lBrH3CM.(Ba> 
44  <4  <4  Q.  "D  Q.  co  CTiH  C  44 

X  <D  O  O  Q.  co  |  iH  O  -H  IS 


iwOO^SQOWQiaQ 


xxxxxxxxxxxxxx*xxxxxxxxxxx 

<-i<Nm«finvocMaoo'0>-'CNm«}'in'OCMcoo'0'-4CN<v><3' 

i — '  CN 

XXXXXXXXXXXXXXXXXXXXXXXXXX 


*  X  X  x 

*  *  *  X 

*  *  *  * 

*  *  *  X 

*  * 


CO 

QC 

1 

<U  1 

*|H 

s 

<E 

r~s  E  a 

X 

c 

LJ 

CMl  * 

H  H  4)  IS  IS  N 

X5  C 

s 

2 

S-  IB  £ 

X 

o 

1 — 

CM 

c  -y 

as  o 

= 

o; 

o  c 

X 

■H 

2 

'  cn 

-  O  IB  44  44  - 

a) 

LJ 

44  S* 

X 

4-» 

LJ 

S-  1—1 

44  4)  O  O  S-  1 — 1  4c 

•a  i— 

IE  <U  44 

X 

as 

4)  t 

C  so  Q.  C  C  4J 

a 

C  2 

|H  44  -rl 

X 

u 

<0 

xj  a 

■HT3  4  1  1  44 

CO  1 

IB  JH 

3  rs  |H 

X 

•H 

CO 

o 

i — i  S.  1 — '  * — *  4~ 

CO  CN 

E  C  -rl 

X 

U- 

a) 

<0  ' 

E  4J  IB 

CD  - 

s 

(- 

3  S.  44 

X 

*H 

S- 

i.  *t 

O  -H  T!  «  ' 

i-  CO 

fcR- 

o 

o  41  3 

X 

o 

a 

IS  1 

UliHB-DX 

a  is 

r 

<4- 

<4  44 

X 

0) 

JZ  CO  4-  4)  4J  4)  C 

a  c 

1 

IB  ri  O 

X 

a_ 

TJ 

o 

OiH  3  3  8 

U  -H 

ro 

iB  rH 

X 

CO 

c 

1 

T!  -H  4-  O  O  rH 

co  £ 

rH 

4)  -rl 

X 

<0 

CJ  00 

4)  S-  HH3 

1 

C 

-Q  Li- 

X 

T1 

1 

44  4)  09  rH  rH 

i—i  o' 

s 

o 

X 

X 

rH 

• 

CO 

-  a. 

IB  E  -H  IB  IB  O 

-  c 

e* 

O  X  rH 

X 

CD 

CD 

4) 

>1 

rH  3  SI  C 

eo  -H 

s 

TS 

44  X  O 

X 

*H 

rH 

•rl 

S-  •• 

3  C  4-1  -O  T!  1 

co  rH 

1 

CD 

X  i- 

X 

4- 

•H 

s. 

1 b  X 

<J  i — It — 1  *— i 

1)  -rl 

CN 

CO 

OJ  X  44 

X 

U- 

4J 

C  <0 

rH  S-  to  4)  4> 

S-  IB 

3 

E  X  C 

X 

<D 

c 

-rl  E 

18  O  4)  -H  -H  - 

a.  s. 

• 

IB  X  O 

X 

J= 

<D 

<u 

-Q 

0  4-  E  4-  4-  S- 

Q.  -J 

= 

c  X  u 

X 

*  *  *  * 

*  X  X  X 

*  x  *  X 
X  X  X  X 


12345678901234567890123456789012345678901234667890123456789012345678901234667890 


* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

X  * 

*  *  * 

*  4c  X  *  * 

* 

X 

X 

XXX 

X 

X 

* 

X  X 

* 

* 

X 

x 

1—4 

<N  on  in  vo 

S  OO  O'  O 

«-h  oi  on 

t£l  VO  0s-  00  O'  o 

ON  on  «=r 

X 

X 

X  X 

* 

* 

* 

* 

1“H 

CM 

* 

X 

X  X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

*  X 

*  *  * 

*  *  *  *  * 

* 

X 

X 

XXX 

X 

X 

X 

X  X 

* 

X 

X 

X 

* 

CO 

o 

* 

rs 

X 

o»  O  X 

* 

cn 

* 

3 

*—N 

>- 

X 

O'  X 

X 

co 

X 

0) 

3 

CU 

X 

OO  X 

X 

* 

C 

o 

HH 

* 

r-  X 

X 

vo 

X 

,  O' 

4 

3 

X 

43  X 

* 

lH 

* 

•jH 

r*N  Q. 

O' 

X 

in  x 

* 

«?T 

* 

CO 

>>  rN 

2 

X 

<8-  X 

* 

m 

* 

C  /-> 

3  *  1 

/*“N 

hH 

X 

m  * 

* 

04 

X 

3  lO 

C  | 

00 

X 

ON  X 

* 

*H 

X 

|  *-H 

O  ON  C 

II 

X 

—  X 

* 

O 

* 

3  1 

-  O 

3 

JD 

X 

r-  O  x 

X 

On 

X 

3 

>v  O 

<x 

X 

cry  X 

X 

oo 

* 

■* 

rs  y-s  ro  i-  co 

s: 

3 

* 

ao  X 

X 

ts- 

* 

3  ' 

3  3  3  o  a 

CX 

<D 

* 

rv  X 

X 

vo 

* 

UJ  ifl  £ 

a>  cj  a  n  i 

o 

CO 

X 

CO  X 

* 

lO 

* 

C  .-i 

4-J 

3  3“  3 

Ll_ 

13  • 

X 

in  * 

* 

«5T 

X 

O  1 

O' 

0  0  3  3.  - 

1  3 

X 

«=*  * 

X 

on 

X 

• 

N  OJ 

C 

3  3  3  C  1 

-J 

CU  C 

* 

m  * 

* 

OJ 

* 

CO 

ac 

i 

<D  >3 

3  3  13 

s 

<X 

/-v  E 

X 

CM  * 

X 

»-h 

X 

c 

UJ 

M  - 

HH  HI 

(B  (8  ON  3  C 

« 

2 

4  10  E 

X 

* 

vo 

o 

X 

o 

1 — 

04 

C  -P 

<8  O 

s 

or 

O  c 

X 

vo  o  x 

* 

cn 

* 

•ri 

2 

'  on 

•  O  (B 

4-1  -P  -  <U 

UJ 

3  ^ 

X 

CA  X 

3 

* 

00 

* 

3 

UJ 

U  *"H 

-P  a> 

0  0  4  3  OS 

3  3 

IB  <U  3 

* 

oo  x 

Q- 

* 

X 

• 

IB 

a>  i 

C  05  G 

C  C  CJ  CJ 

C  S 

3  3  3 

X 

X 

rH 

* 

vo 

X 

« 

CJ 

CO 

3  u 

•H  3  a. 

1  1  4J  <0  | 

IB  3 

3  IB  3 

X 

vo  X 

on 

* 

•4* 

£“l 

__J 

i — *  r  ■ 

3 — i  - — s  1 ;  fft  0^4 

cr  3* _ ! 

-3 

.  <3  <4* 

o 

* 

<5* 

X 

o 

03 

a> 

«  - 

E  a> 

(S  0)  • 

= 

4 

3  4  3 

X 

<t  X 

LO 

* 

on 

* 

•H 

*H 

4 

4 

O  -H  3 

~  4  CO 

tft- 

O 

U  <U  3 

X 

try  * 

UJ 

* 

04 

* 

4J 

o 

a 

f 0  1 

£.  4-  rH 

3  3  xz  a  3 

2 

3 

O  4J 

X 

CM  * 

Q 

* 

rH 

X 

m 

0) 

j=  co  4-  a> 

o  oi  c  ac 

i 

iU  rH  CD 

X 

—  X 

* 

t n 

o 

X 

<J 

Q. 

•a 

U 

O  -H 

3  3  (8  3  3 

ro 

iO  rH 

X 

i£l  O  X 

i_ 

* 

CT> 

X 

*H 

03 

c 

i  - 

3  3  4- 

O  O  3  oo  E 

rH 

0)  w  -H 

X 

cn  * 

o 

* 

OO 

X 

<4- 

aJ 

CJ  ao 

CD  t- 

3  3  £1  | 

c 

3  Li_ 

* 

ao  X 

M— 

* 

O*- 

X 

•rH 

-a 

1 

P  OJ  U 

r*H  rH  O'1 

2 

O 

X 

X 

* 

* 

VO 

X 

u 

rH 

CO 

-  CL. 

fO  G  *fH 

ro  (B  O  -  C 

tft- 

0X3 

X 

VO  X 

C 

* 

lO 

X 

<D 

CD 

cu 

oj 

>> 

3  3  -C 

C  co  3 

2 

3 

3X0 

X 

in  * 

o 

* 

*q* 

X 

CL 

*H  rH 

■H 

i.  •• 

3  C  -P  3  3  1  w  pH 

i 

CD 

X  4 

X 

■d-  x 

•r— 

* 

on 

X 

CO 

4- 

*H 

4 

(B  X 

o 

rH  rH  *— i  CD  *H 

CN 

CO 

d)  X  3 

X 

m  * 

4-> 

x 

04 

X 

4- 

4J 

c  m 

rH  L  w 

cu  a>  4  iB 

3 

E  X  C 

X 

CM  * 

fD 

X 

i— i 

X 

3 

aj 

c 

*(H  E 

<8  0  0 

3  3  -  CL  4 

- 

(B  X  O 

X 

-*  X 

O 

X 

«** 

o 

X 

rH 

-C 

<D 

0) 

3 

04-  E4-4-  4  a*J 

2 

C  X  CJ 

X 

«3-  O  X 

•r* 

X 

* 

<D 

3 

SI 

1  1 

•H 

0)  3  1 

CO 

/—v 

X 

X 

O'  X 

M- 

* 

OO 

X 

■H 

3 

a> 

CO 

■P  0J-P4-4--P  mh 

2 

3 

co  3  X  O 

X 

ao  * 

•r— 

X 

c< 

X 

4. 

a> 

3 

CO 

O  C 

0  0  4- 

l 

CJ 

a>  rH  x  4J 

X 

* 

X 

VO 

* 

-p 

4 

ro 

'  o 

C  3  4- 

(B  O  C 

1 

<U  X 

X 

43  X 

a; 

X 

on 

X 

4- 

18 

O 

*H 

3  CL 

4-  O 

4J  <U  4  3 

fH 

i 

3  X  C 

X 

in  * 

Q- 

X 

*5T 

X 

o 

OJ  4- 

5- 

<U 

4-  OJ 

4  3  J£  QJ  3 

-*  3  X  4 

X 

<3-  X 

LO 

X 

on 

* 

4 

CL 

-X 

3  3  4 

O  (B  C  tsl  co 

<v 

•» 

X  3 

X 

cn  * 

X 

04 

X 

c 

o 

o 

O  CO 

<b 

CL  3  (B 

c 

X 

1 

4X3 

X 

CN  X 

-o 

X 

«— 4 

X 

o 

4 

m  -H 

>»  -  -Q 

<U  0.3  O  O 

o 

<D 

O 

<D  X  G> 

X 

—  X 

» — 

* 

on 

O 

X 

•r! 

CO 

CL 

a.3 

HOi  E 

4  3  £3  C  C 

c 

SI 

c 

3*4 

* 

cry  o  X 

cu 

* 

CTi 

X 

4J 

a) 

a. 

i 

C  1  3 

1  1  1  1  1 

1 

1 

1 

C  X 

X 

cn  * 

X 

QO 

X 

(73 

•H 

03 

a. 

OOCOOOOOOOOLO*  o 

X 

ao  X 

U- 

X 

X 

<1> 

V-/  'w' 

V-/  V/  V-/ 

'W'  S-/  W  w 

•s— p 

'w' 

x  HJ 

X 

* 

X 

VO 

* 

4 

4J 

CD 

X 

X 

43  X 

* 

lO 

X 

cj 

c 

-C 

X  VO 

X 

in  x 

• 

* 

X 

<1) 

3 

t— 

X  X  >-• 

X 

•ct  X 

an 

* 

on 

X 

Q- 

X  X  u. 

X 

m  * 

co 

X 

04 

X 

G) 

<D 

►— < 

X  X  CL 

X 

ON  X 

X 

*— • 

* 

CO 

OH 

X  X 

X 

^  * 

cr> 

X 

CM 

o 

X 

<D 

fB 

O 

X  X  CO 

X 

CN 

O  X 

•r- 

X 

cn 

X 

x: 

g; 

OO 

fH 

X  X  co 

X 

03V  X 

U. 

* 

co 

X 

i — 

UJ 

o  o  — 

X  X  <u 

X 

«  X 

* 

o- 

X 

Q  O 

o 

^l-oOOOOOOOOO**  4 

* 

r-  x 

X 

VO 

X 

a. 

X 

vo  X 

X 

on 

X 

* 

. .  .  * 

•  • 

• ; 

•  • 

X 

an  * 

X 

Xf 

X 

•  • 

•P  3 

_C  co  co 

0)  0)  <D  rH 

3 

.  -  CO 

X 

•0*  X 

X 

on 

X 

a> 

•  • 

03  4J 

P  O  OJ 

3  3  3  co  4 

*H 

a  3  ro 

X 

m  * 

* 

04 

X 

E 

o 

E  o' 

O'  CL  O 

O  O  O  CO  3 

03 

3 

E  rH  -H 

* 

CN  * 

X 

rH 

X 

18 

o 

i_  c 

c  c 

u  o  o  a>  C 

E 

a> 

10 

0)  rH 

X 

* 

X 

*— « 

O 

X 

c 

rH 

0  CJ 

G;  r-H  CD 

4  O 

E 

3 

•rH  03 

* 

Y— ♦ 

O  X 

* 

CT> 

X 

4-  i — 1 

h  e  4 

■D  (D  >  a  u 

o 

w 

3 

X 

cn  * 

X 

OO 

X 

T3 

-P 

E  4 

4  3  (B  CL 

O 

4 

3 

X 

co  * 

X 

X 

rH 

U 

•  3  3 

O  <8  3  3  C 

fB 

a> 

•  rH 

X 

O'-  * 

X 

VO 

X 

0) 

(0 

4J 

4-4  o  CJ 

CL  3  a.  co  3  3 

C 

3 

E  <u 

X 

vo  * 

* 

on 

X 

*H 

-W 

c  c 

x  o  o 

CJ  Cl  co  |3 

o 

■H 

rO 

3  3 

* 

an  * 

X 

* 

U.  CO 

HH  M 

POO 

00  D  Q  O  OO 

a 

(SOUL. 

* 

«vf  X 

X 

on 

X 

X 

m  * 

X 

04 

X 

* 

CM  * 

X 

1*4 

X 

X 

—  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

* 

X 

X 

* 

* 

* 

* 

X 

*  * 

*  *  * 

*  *  *  *  * 

X 

X 

X 

XXX 

X 

X 

X 

X  X 

X 

X 

* 

X 

1—1 

04 

on 

lPi  VO 

o- 

co 

O'  O 

h  (N  m 

ct  0*1  iO  0^-  c» 

cn 

o 

1-3 

ON  m  5+ 

X 

X 

X  X 

X 

* 

* 

X 

CM 

* 

X 

X  * 

X 

* 

X 

X 

X 

* 

X 

* 

* 

* 

* 

X 

X 

*  * 

*  *  * 

*  *  *  *  * 

* 

X 

X 

XXX 

X 

X 

X 

X  X 

C10$ 


X  X  X  X 
X  X  X  X 
*  *  *  * 
*  *  *  X 


X  oo  O  * 


on  * 

oo  * 

in  * 

VO  x 

in  x 

*T  * 
on  * 
CN  * 
—•  X 
IN  O  * 
Os  * 
00  * 
C"  * 
VO  * 
in  * 

•cr  * 
on  * 
CM  * 

rH  * 


*  43  O  X 


as  * 
oo  * 
[>■  * 
VO  * 
in  * 
<d  * 
CO  X 
CM  X 

rH  * 

ino* 
as  x 
oo  x 
c-  x 

VO  * 
in  * 

•or  * 

on  X 

CM  * 
* 

■d-  O  * 
co  if 
oo  X 
£n  * 
vO  * 
in  * 
*d"  * 
on  * 
CN  # 

-h  * 
on  O  * 

as  if 

oo  4c 


4c  4c 

4c 

* 

4: 

4c 

4e  4e 

4c  4c  4c  4c  4c  4c 

4c  4c 

4c 

4: 

4: 

4c  4c  * 

4: 

4c 

X 

X  X 

im'TiD'orvoochO 

rH  cm  on  in  vo 

IN  00 

ov  O 

cm  on  «d 

4c 

X 

X  X 

rH 

CN 

4c 

X 

X  X 

4c  4c 

4c 

4c 

4c 

4c 

4c  4: 

4c  4c  4c  4c  4c  4c 

4c  .X 

* 

* 

4c 

4c  4c  4e 

4c 

* 

X 

X  X 

4c 

X 

n 

/ - V 

* 

00  o  X 

TJ 

p 

* 

as  X 

0) 

4J 

Of 

4: 

OO  X 

C 

O 

HH 

* 

C'  X 

.  £31 

L 

3 

* 

VO  X 

-ri 

a 

O' 

4c 

3  x 

<0 

>5 

/^i 

2 

4c 

■d-  X 

C  ^ 

ri  X  1 

HH 

* 

on  x 

3  m 

C 

i 

CQ 

* 

CN  X 

1  rH 

O  CM  C 

II 

> 

* 

rH  4c 

3  1 

'  o 

h- 

3 

* 

cv  o  X 

3 

>> 

o 

<X 

* 

as  4c 

' 

/-**  ro 

4.  m 

Z 

3 

X 

OO  X 

T)  « 

/-n  TJ  TJ  r-t 

d)  £3 

QS 

d) 

* 

Ch  4: 

a>  in 

jz  <d  a>  a 

N  1 

O 

co 

* 

VO  X 

C  rH 

P  3  3  co 

on 

Lu 

3  - 

* 

3  4: 

O  1 

O!  O  O  -ri 

Oi  • 

1  3 

* 

«t  X 

• 

n  ini 

C  r-s  /v  r-i  r— 1  "D 

C  1 

0)  C 

* 

m  4: 

(0 

Of 

1 

®  >3HH  1 

•ri 

r 

<r. 

/-v  Ed) 

* 

CN  X 

C 

UJ 

INI  - 

l-l  pH  0)  (£5  (8  CM 

T3  C 

% 

s 

4-  (0  E 

* 

rl  X 

o 

H 

CM 

C  P 

<0  O 

s 

o  c 

* 

VO  O  X 

-ri 

2 

-  on 

•  O  18  P  P  » 

d) 

UJ 

p  >1 

* 

as  x 

P 

UJ 

4-  rH 

P  d)  O  O  4. 

rH  Of 

U  h- 

hop 

* 

co  x 

(0 

0)  1 

C  CO  a  C  C  d> 

CJ 

C  2 

rH  P  -rl 

X 

C-  X 

o 

CO 

-p  cj 

•H  TJ  d.  1  IP 

co  | 

US 

M 

3  (0  rH 

X 

VO  X 

•ri 

CO 

u 

rl  i-  rH  rl  lL 

CO  CM 

P  C  -H 

* 

id  Hr 

Lp 

a) 

(0  •> 

Ed)  ia 

d)  ' 

s 

4- 

3  4-  P 

X 

«d  X 

•H 

c 

4-  -d 

O-HX  »  » 

4-  co 

fcf> 

O 

V)  d)  3 

X 

on  X 

o 

a 

10  1 

Lli-ritJUX 

a  3 

s 

4- 

V)  P 

X 

CM  X 

0) 

XI  CO  4_  0)  0)  0)  C 

Q.  C 

I 

HH  O 

X 

—•  X 

a 

X) 

<J 

o  -r<  3  3  <0 

3  -H 

no 

>i 

iO  ri 

X 

3  O  X 

CO 

c 

1  ' 

"O  -ri  ip  O  O  rH 

co  E 

rH 

&  — -rl 

X 

CS  X 

10 

O  oo 

d)  4-  rirIX 

1 

C 

3  U 

X 

oo  X 

-D 

1 

+l  11  ioHH 

Q1 

r 

o 

4c 

X 

r-  x 

r—i 

CO 

■>  CL 

(8  E  -rl  /B  (0  O 

-  c 

tft- 

O  *  rH 

X 

VO  X 

d)  0) 

0) 

>s 

rH  3  XI  C 

05  -H 

TJ 

P  4c  O 

X 

in  4c 

•ri  r—i 

■r< 

4.  -• 

3  C  P  TJ  -O  1 

co  r-i 

1 

0> 

4:  4- 

X 

•d-  x 

U-  -H 

4- 

10  X 

CJ  r—i  rH  rH 

«D  *H 

CN 

co 

d)  *  P 

X 

m  4c 

Ve¬ 

P 

c  m 

rl  4.  »  0)  D 

i-  ro 

3 

£  4c  C 

X 

CM  X 

il) 

C 

■ri  E 

18  O  d)  -ri  -ri  - 

Q.  i. 

% 

10  4c  O 

X 

rH  if 

XI  0) 

0) 

3 

0  4-  £4-4-  4- 

a  4^ 

2 

C  *  <J 

X 

vf  04 

P  XI 

1  1 

•H  d) 

3  1 

■* 

CO 

/^i 

4c 

X 

as  if 

P 

d) 

CO 

p  d>  p  Vp  Vp  P 

C/5  *-4 

s 

3 

co  TJ  *  O 

X 

CO  * 

Q) 

p 

CO 

O  C  0  0  4- 

1 

CJ 

Q)  rH  *  P 

X 

IN  X 

P  4- 

10 

'  O 

C  -ri  4-  <0 

o  c 

1 

>» 

d)  4c 

X 

VO  X 

m  o 

-ri 

-a  a. 

4_  O  P  d) 

cn 

«-H 

1 

-ri  4c  C 

X 

in  4c 

<u  n_ 

u 

<u 

4-  d)  4-  P  -X 

O  -|H 

4-  4=  4- 

X 

<■  X 

4. 

a. 

Of  Of 

•rl  TJ  4-  O  18  C 

N  W 

as 

- 

4c  3 

X 

on  4: 

o 

o 

V)  CO 

d)  a  TJ  10 

c 

X 

- 

4-  4c  P 

X 

CM  X 

H'H  >  -  3 
at)  h  oi  g 
I  C  |  3 


oo  coooooo 


(u  o  a> 

X  C  4J 

lie 

O  O  UJ 


-h  * 

on  O  * 
as  * 


C-'  X 

& 

5- 

V/  v 

^  'w'  V-/  VpH  W  vj  V  iw/ 

X 

p 

X 

Fs  * 

X 

VO  X 

4. 

P 

CD 

* 

% 

VO  X 

X 

in  4c 

U 

C 

3 

* 

VO 

X 

3  if 

* 

X 

«d  x 

CD 

P 

UJ 

X 

* 

* 

•sf  * 

VO 

X 

m  * 

rvj 

* 

X 

Lu 

X 

on  * 

CO 

X 

CN  * 

a> 

to 

•—4 

* 

X 

a_ 

X 

CN  X 

* 

* 

CO 

OO 

* 

* 

X 

rH  * 

cn 

* 

CM  o  X 

CD 

f a 

3 

X 

X 

CO 

X  CM  O  X 

* 

* 

3 

£ 

1  i  1  r—i 

X 

X 

CO 

X 

cn 

Li_ 

X 

00  * 

1- 

Cd  ID 

rH  X 

* 

to 

* 

co  * 

X 

r-  x 

c_3OO33O000000000X 

X 

i- 

* 

X 

VO  * 

a. 

X 

vo  X 

X 

l n  * 

*  •  •* 

•  • 

X 

in  * 

^£ru«D0)D  (—1  P  •• 

(OPPOd)TJTJTJcoS_  -ri  CL  ' 

ECTOlQ.OOOOo)-U(0"OEr 

e  c  c  coouocEom 

o  <u  <u  r- 1  a) 


s-  o  E 


Vi-r-ir-i  m  up  <u  >  a  u  o  si  » 


E  L  L  4) 
•H  3  O  (B 


(0  a 

-H  3  C 


V)  4. 

■n  /o  a> 


PPPUuQ.TJ3ioairHCP 
ccxoooain  1-HO-HfO 
HHUOO“300WQOQ 


ififififififififififififififififififififififif  * 

<Non«tinvoc~ooovO'-'CvifnejiniorvaoavO'-|CMon<d’ 

*— 1  r\j 

xxxxxxxxxxxxxxxxxxxxxxxx 


C104 


N*  „"V  '•  i.'V  „%  ^  K~-  u>  *'*•  , 


s 


I 


SC*******************:****** 

r-u\rricj’in'0[s(oaiO’-<(Nm'7in'0[^a5oiO’-|^m<? 

• — ‘  <N 

************************** 


r-t  •  co 
<u  id  a> 

-H  rH  -H 

4-  -rt  S_ 
4-  4J 
<d  C 
.C  <d  <u 
4J  JC 
-P  ID 


a> 

-P 

-P 

S-  (0 

as 

O  -rt 

<D  4-  i. 

i- 

CL 

u 

o 

i- 

o> 

a. 

a> 

CL 

*H 

ib 

i- 

4J 

<u 

c 

JC 

<D 

-p 

a> 

<u 

03 

<1) 

IB 

-C 

s: 

h- 

******** 


***** 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  * 


5- 

* 

CD 

•P 

as 

* 

c 

o 

HH 

* 

.  a> 

c 

CD 

* 

•H 

a 

o- 

* 

03 

S 

* 

c 

i-i  *  l 

rs 

HH 

* 

3  lO 

C  1 

as 

* 

1  ^ 

O  CM  C 

H 

>i 

* 

CD  1 

'  O 

t— 

JD 

* 

=3 

>  o 

<r 

* 

% 

/^s  ✓*"n  fC  S_  CQ 

s: 

~o 

* 

■a  < 

*D  XJ  |H  fl)  Q 

Cxi 

03 

* 

a>  l n 

JC  03  <U  Q.  N  1 

o 

03 

* 

c  «-h 

4J  3  3  «>  on 

U- 

3  • 

* 

O  1 

O'  O  O  -rH  O'  - 

1  3 

* 

n  rvi 

C  1 

/-N 

-J 

0)  c 

* 

i 

4)  H  rl  1  -rt 

s 

<r 

r-s  £  CD 

* 

M  - 

(Hr-tOlBlBCNTIC 

C-  IB  E 

* 

<N 

C  4J  IB  O 

: 

a: 

O  C 

* 

«»  m 

•  O  (8  -P  -P  «  0) 

LU 

-P  >> 

* 

L  t-4 

•P  <U  O  O  S.HIKBI- 

(C  0)  -P 

* 

Q)  1 

C  <0  CL  SC  C  CD  CJ 

c 

2 

rH  -P  -H 

* 

-P  CJ 

•rt  -a  a.  i  i  jj  <0  i 

IB  t-t 

3  ISH 

* 

(  » 

f-j  £.  rt  r-!  'j_  L-  JN 

r  i-  .i 

IB  » 

E  0)  18  <u  - 

— 

5- 

3  L  D 

* 

O  -rt  T5  '  '  C  <0 

fcfV 

O 

0  0  3 

* 

IB  1 

LU-rfOT)*  a  3 

= 

4- 

U  -P 

* 

JC  CO  4-  <U<U<DCCLC 

1 

ID  H  O 

* 

o 

O  -rl  3  3  IB  3  -rt 

on 

itJ  rH 

* 

1  ' 

"O  -rl  4-  O  O  rt  to  E 

rH 

<D  w  -H 

* 

CJ  <S3 

<D  C.  r-t  r-t  J3  1 

c 

J3  U- 

* 

1 

4J  CD  03  r-H  rH  ^  CT 

z 

o 

* 

* 

a. 

fO  E  -H  /C  ITS  O  •*  C 

tfl- 

0*1-1 

* 

>> 

i— t  3  JC  C  CO  -r! 

s 

-a 

4-t  *  O 

* 

c  •• 

3  C  D  B  B  1  CO  rH 

1 

a> 

*  i- 

* 

18  X 

O  rH  i — 1  »-h  01  -H  c\ 

03 

ID  *  -P 

% 

C  IB 

rt  $-  <o  0)  <D  i.  IS 

3 

E  *  c 

* 

•rt  e 

IB  O  <D  -rt  -rt  •  CL  i. 

IB  *  O 

* 

JQ 

04-E4-4-S-Q.-P 

z 

C  *  o 

* 

1  1 

•rt  <U  3  | 

CO 

* 

* 

CO 

+J  «}  .p  4-  4-  -P  cun 

— 

r> 

co  -a  *  o 

* 

03 

O  C  0  0  4- 

1 

CJ 

ID  r-t  *  4-1 

* 

'  o 

C-H4-  IB  O  C 

r-H 

i 

<U  * 

* 

•a  a 

Ip  O  -P  <U  i-  O' 

r—1 

1 

•rl  *  C 

* 

<u 

4-  ID  CD*  <D  -rl 

r—i 

4-  *  C 

* 

•rt'OCOlBCNco 

<D 

*  3 

X 

U  03 

<U  Q.T3  IB 

C 

X 

x 

C  *  -P 

* 

fO  *H 

>\  .J 3  <U  CL  r—1  O  O 

o 

<D 

O 

<D  *  ID 

* 

Q.TJ 

Hot  E  1-  3H  C  C 

c 

JC 

c 

4J  *  S- 

X 

1 

C  1  3  1  1  1  1  1 

1 

1 

1 

C  * 

* 

Q- 

OOCOOOOOOOOLU*  o 

* 

S-'  w 

S/  V  'fc/  'w'  'w' 

-P 

X 

* 

* 

*  43 

* 

*  *  — i 

* 

*  *  a. 

* 

*  *  a- 

* 

*  * 

* 

*  *  CO 

X 

*  *  CO 

* 

o  -< 

*  *  <D 

* 

a.  lo 

J 

* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

* 

a. 

* 

. .  .. 

•  • 

•  • 

•  • 

* 

•P  JC 

JC  co  co  CJ  O  O  r— 1 

-p 

•  •  03 

* 

ITS  -P 

-P  o  CDTJTST3  03  i. 

a-a  iB 

* 

E  o' 

OlQ.PGOO<0-P 

IB 

T3 

t= 

rH  *H 

X 

t-  c 

C  C  U  U  u  <u  c 

E 

<D 

ns 

<D  r-t 

* 

O  <D 

<D  rt  <U  CO 

E 

-P 

•H  fO 

* 

<4—  l-l 

rllDLUCI^CU 

o 

03 

4- 

* 

E  i-  5-  -P  (8  a 

u 

c 

•a 

* 

- 

■  -rt  3  O  IB  f-t  3  C 

■v. 

m 

<D 

♦  pH 

X 

-P  4J 

-P  <J  U  Q.  T>  Q.  co  O'  rH 

c 

-P 

E  ID 

* 

c  c 

X  ID  CJ  <U  a  co  |  -rl 

o 

*rH 

IB 

3  -rt 

* 

►H  M 

ujootxooocno 

as 

£3 

U  Ll. 

* 

X 

X 

* 

X 

*  * 

******** 

X 

* 

* 

*  *  *  * 

X 

cr\  O 

^INmctil'iONCO 

cn  O 

rH 

IN  m 

* 

<N 

X 

*  * 

******** 

* 

* 

* 

*  *  *  * 

* 

»7‘ 


’  >SV'*i 


12345678901 234567890 12  34567890 12  3456  7  8  901 234567890 12345678901 2345678901 2  34567890 


* 

* 

*  * 

* 

* 

* 

*  X 

*  * 

*  * 

***************** 

:  * 

*  *  * 

* 

* 

*  * 

rt(N(*i<tin'OtN®o\0'-|fNfn'tLn'oocooO'-|<Nifo<J 

X 

*  *  * 

* 

* 

*  * 

*— t  CM 

X 

*  *  * 

* 

* 

*  * 

* 

* 

* 

*  * 

*  * 

*  * 

***************** 

* 

*  *  * 

* 

* 

* 

* 

* 

oo  O  * 

rs  r> 

X 

ao  O  * 

* 

O'  * 

TJ  r's  >- 

* 

O'  * 

* 

CO  * 

<D  P  ce 

X 

CO  x 

* 

cm  * 

C  O  HH 

* 

CM  * 

* 

NO  * 

•O'  4-  ZD 

* 

NO  * 

* 

lO  * 

-|H  r-x  Q.  O' 

* 

in  * 

* 

<r  * 

CO  >  /-N  2 

* 

«t  * 

* 

on  * 

c  rH  *  1  r-s  w 

X 

cn  X 

* 

CM  * 

3  in  ci  aa 

X 

CM  x 

* 

* 

l-H  O  CM  C  ||  Sn 

* 

*“•  * 

* 

cm  O  * 

3  1  «OI—3 

* 

CN-  O  * 

* 

cn  * 

ZD  >  O  C 

* 

O'  * 

* 

oo  * 

•*  r\  rs  (B  L  CD  ^  "n 

* 

ao  * 

* 

Cm  * 

■O  *  r*.  B  B  H  41  O  Q£  CD 

* 

x 

* 

NO  * 

CD  i n  3  CDID3NI  o  CO 

X 

vo  X 

* 

in  * 

C-Hp  3  3  «  on  Lu  U- 

* 

in  * 

* 

*T  * 

OIOI  OO-HCT'  13 

* 

«o  * 

* 

m  * 

• 

NN  C/NrsHHID  C  <DC 

* 

m  x 

* 

CM  * 

CO 

Cxi 

1  #  >B  H  H  1  H  =  <X  n  E  4) 

* 

CM  x 

* 

T-<  * 

C 

LU 

rvi  >  rl  rl  0>  18  IBCMB  C  -2  L  15  E 

* 

X 

* 

>oo? 

O 

i — 

CM  CP  100=0;  OC 

* 

NO  o  * 

* 

<T>  * 

•r* 

2 

'0n-OC0PP'CD  IP  P  :>> 

* 

O'  * 

* 

oo  * 

4J 

LU 

t.  -h  p  51  O  O  LrlKBh  15  41  -D 

* 

CO  * 

* 

cm  * 

*■ 

CD 

CDICcoaCCCD  U  C  2  rHP-rl 

* 

a-  * 

* 

«sO  * 

CO 

u 

CO 

-r1  (J  *H  "O  <L  1  1  4J  CO  1  mi— 1  n  fl<  -J 

X 

l - 

X 

ui  * 

c 

*H 

CO 

O  H  5.  h  p  o  cm  E  Crl 

X 

in  * 

* 

«cr  * 

o 

4- 

G> 

ITS'ECD  rO  CD  « =  J_  3CP 

X 

•st  * 

V— 

* 

on  * 

*H 

•H 

c. 

1-  cf  O  -H  B  *  *  S-eotftO  u  5)3 

* 

cn  x 

* 

CM  * 

p 

u 

a 

IB  1  L4.HBBJC  Q  3:  4-  OP 

* 

CM  * 

* 

rH  * 

(0 

cd 

-CCQ4-  CDCDCDCQ.CI  15  rl  41 

* 

1-*  X 

* 

Ln  O  * 

U 

Q. 

TS 

O  U,H33®3-Hm>  (B  rH 

X 

m  o  * 

cr 

* 

cr»  * 

*H 

CO 

c 

I  ',DvH4-  O  Orl  <o  E  rH  C 1)  w  *h 

* 

O'  * 

* 

co  * 

p 

m 

U  OO  41  I.  rH  rH  3  I  C  3  Li- 

* 

ao  * 

* 

CM  * 

*rt 

TD 

1  P  0)  UHH  — i  01=  O  * 

X 

X 

* 

NO  * 

U 

r-H  • 

CO 

'H  15  E  H  15  IS  O  -  C  tft  0*rH 

* 

vo  * 

* 

lO  * 

0) 

<D  CD 

CD 

>i  rH  3  3  C  e/3  -rH  =  T3  P*0 

X 

lH  X 

* 

«=T  X 

Q 

*H  rH 

*H 

L"3CPBB  1  Brl  1  Hi  *4. 

* 

<t  * 

X 

on  * 

CO 

4-  -H 

i- 

IB  X  O  rl  rl  h  Q)  -H  cm  o  CD*P 

X 

co  * 

X 

CM  X 

4- 

p 

C  fflH  L  o  CS  41  4.18  3  E*C 

* 

CM  * 

* 

rH  * 

TJ 

CD 

c 

■rl  E  IS  O  41  -rl  -H  '3  5-  «  10*0 

* 

rH  * 

* 

«=t  o  * 

rH 

-C  CD 

CD 

3  UP  E4-4-  4-  3P=  C*U 

* 

«o  o  * 

* 

O  * 

<D 

P  3 

II  *H  CD  3  1  '  03  r*  * 

* 

cr>  * 

* 

CO  * 

•r* 

P 

CD 

CQ  PIDP4-4-P10-HS  Z>  cn  T1  *  O 

* 

ao  * 

* 

r-  * 

4- 

1 

0) 

P 

co  O  C  OOP  '  1  O  CD  rH  *  P 

* 

CM  * 

Cl 

* 

iO  * 

p  4- 

(0 

-OC-HP  IB  O  C  **  |  >,  CD  * 

* 

NO  * 

* 

in  * 

4- 

CD  O 

*H 

B  a  POPCD  4-  O'  *-<|-H*C 

* 

Ln  * 

* 

•CT  * 

O 

CD  4- 

£ 

CD  PCD  4-  P  PC  CD  -H  *h  p  *  4- 

* 

**  * 

* 

on  * 

4- 

a. 

JCOC'HBt-Ol5CNC04l  »  *3 

* 

co  x 

r“* 

* 

CM  * 

c 

o 

o 

U  co  CD  OB  (0  C  X  -  4.  *  P 

X 

CM  * 

* 

— •  * 

o 

J- 

lB-rl>i  -3cDQrHOOOCDO(D*  CD 

* 

-  * 

* 

on  O  * 

-H 

CO 

a 

3B  rH  O'  £  4.  533  C  C  C3  CP*  4. 

* 

an  O  * 

* 

ON  * 

4 J 

0) 

Cl 

1  CI3IIIIIIIIC* 

X 

CT>  X 

* 

Q0  * 

m 

*H 

ra 

13-  oo  COOOOOOOOLP*  o 

X 

oo  * 

* 

cm  * 

<D 

£_ 

p/  p/  p/  P^  p/  P/  >«»✓  »>✓  >w^  p/  p^  p/  p»  3j»  4J 

* 

X 

* 

* 

NO  * 

4- 

4J 

CD 

X 

* 

VO  X 

00 

* 

in  * 

CJ 

c 

3 

X  VO 

X 

in  * 

CO 

* 

<3-  * 

<1) 

4J 

>- 

*  *  «H 

* 

•st  * 

* 

on  * 

i — 

*  *  p 

* 

m  * 

CD 

* 

CM  * 

CD 

a) 

>— « 

*  *  Q. 

* 

CM  * 

* 

n-H  * 

CO 

(— 

*  * 

X 

rH  X 

Li_ 

* 

(NO* 

CD 

CO 

Z 

*  *  CO 

X 

CM  O  * 

* 

cn  * 

3 

s: 

<  i-H 

*  *  CO 

X 

O'  * 

* 

co  * 

h- 

=>  NO 

O  «H  *  *  CD 

* 

ao  * 

* 

o  * 

ao 

Q.ID-— ioOOOOOCJOOO*  *  £ 

* 

CM  * 

* 

VO  * 

a. 

* 

NO  * 

* 

in  * 

X 

in  * 

* 

•d-  * 

*  • 

P33C0C0CDCDCD  rH  P  ••  ••  to 

* 

«o  * 

* 

on  * 

a>  •• 

(BPPOCD'O’O'OeoS.  -rl  ail  15 

* 

cn  x 

* 

CM  * 

E  p 

E  O'  O'  Q.  U  O  O  O  cop  lB*a  E  /H  -rl 

X 

CM  X 

* 

rH  X 

(0  o 

4.CC  CUUUCDCEcDIBCDP 

X 

-H  * 

* 

rH 

O  * 

C  rH 

O  4)  C)  H  CD  5_OE  p-rtiB 

* 

«H  O  * 

* 

O'  * 

PPrllB4-P(D>3UO>iC0p 

* 

* 

* 

OO  * 

“O  -iJ 

E4-4-PI03  u  4.  Tl 

* 

CO  x 

* 

% 

rH  L 

•  •  ■  -rl3Of0rH3C'MfBQ)  -rH 

X 

CM  * 

* 

vo  * 

CD  IB 

P  3  P  U  U  aB  3  co  O'  rH  C  P  E  <D 

* 

VO  * 

* 

iO  * 

•H  P 

CCXiDUCDCLto  |  -rl  O  -rl  IB  3  -rl 

* 

in  * 

* 

■NT  * 

u.whhujQO^SOOWQoquu. 

X 

*o  * 

* 

on  * 

X 

CO  x 

X 

CM  X 

X 

CM  * 

* 

T— «  * 

X 

•H  * 

* 

* 

-K 

* 

* 

*  * 

* 

* 

X 

*  * 

*  * 

*  * 

***************** 

X 

*  *  * 

* 

* 

*  * 

»-H 

CM  on  ■S’  in  no 

r-*  oo 

C'OHMmttin'OINCOCjiOHCMm<3- 

* 

*  *  * 

* 

* 

*  * 

^  CM 

* 

*  *  * 

* 

* 

*  * 

* 

* 

* 

*  * 

*  * 

*  * 

***************** 

* 

*  *  * 

C106 

3 


f 


i 


TO 

1 

r,«M 


m 


ASS 


m 


g. 


$ 


* 

* 

X  X 

X 

* 

* 

* 

* 

* 

* 

* 

* 

*  * 

*  *  * 

*  *  *  *  * 

% 

X 

* 

*  * 

X 

* 

* 

*  * 

CM 

on  cf  in  no 

CM 

CO 

On  O 

H  <N  OP) 

^  in  no  fn  CO 

an  o 

*—4 

cm  cn 

* 

X 

X  * 

r*H 

CN 

* 

X 

*  * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

¥  * 

*  *  * 

*  *  *  *  * 

* 

* 

* 

*  * 

X 

* 

* 

* 

co  O  X 

r-\ 

rs 

* 

on  * 

•o 

> 

* 

oo  * 

0 

44 

Q£ 

* 

r-  * 

c 

o 

hH 

* 

io  * 

•  O' 

X 

3 

* 

in  * 

*|H 

m  a 

o- 

* 

<sf  * 

CO 

>\  r-N 

2 

* 

m  :* 

C  0"s 

rH  X  1 

rs 

HH 

* 

CN  * 

o  in 

C  | 

CQ 

* 

— '  * 

1  *“* 

O  CN  C 

ii 

> 

X 

O  X 

=5  1 

'  o 

t- 

X 

* 

on  * 

=) 

5n  O 

<X 

* 

00  * 

% 

r-s  OS  i-  CQ 

s: 

TJ 

* 

Cn-  * 

TJ  * 

✓~N 

TJ  TJ  rH  <0  O 

az. 

0 

* 

VO  * 

0  in 

JZ 

<0  0)  CL  N  1 

o 

CO 

* 

in  * 

C  —i 

4J 

3  3  co  m 

Ll. 

3 

* 

<sr  * 

O  1 

O' 

O  O  -H  O'  - 

1 

3 

* 

cn  * 

• 

n  rvi 

Cn/nHrltl  C  1 

_l 

0 

c 

* 

CM  * 

CO 

cm 

i 

0)  ^n  T3 

rH  rH  1  -rl 

- 

<r 

•n  E 

0 

* 

*-<  * 

c 

UJ 

rMi  ■» 

rH  rH  0 

B  m  (N  TJ  C 

-* 

2 

X  ro 

E 

X 

no  O  * 

o 

\- 

CM 

C  4J 

(0  O 

= 

O  c 

X 

on  * 

*H 

2 

'  cn 

•  O  ro 

44  44  -  <0 

LJ 

-P 

>J 

* 

OO  * 

jj 

1  |  J 

S-  -— 4 

4J  Ci 

C  G  u  h  tc 

o 

h- 

(0  O 

-P 

* 

* 

(0 

<u  1 

c  w  a 

C  C  <0  CJ 

C  2 

rH  X 

*H 

X 

no  * 

03 

O 

CO 

4J  CJ 

*rH  ”0  0 

1  1  44  <fl  1 

ro 

HH 

3  (0  rH 

* 

in  * 

C 

*H 

CO 

(J 

(-1  X 

m  *—i  l^.  co  CN 

E  C 

*H 

* 

<=r  * 

o 

X 

CD 

ro  - 

E  a> 

m  0  - 

r 

X 

3  X 

-P 

* 

cn  * 

*1 H 

*H 

x 

i-  «sf 

o  -h  *o 

'  •»  L.  co 

O 

O  0 

3 

* 

CM  * 

-P 

o 

a 

ro  1 

X  4-  rH 

TJTJJC  13 

r 

4- 

O  -P 

* 

— *  # 

ro 

0 

X  CD  4-  <U 

<0  CD  C  CL  C 

1 

OS  rH 

0 

* 

in  o  * 

o 

CL 

-a 

O 

o  H 

3  3  rcs  3  -r» 

m 

>0 

rH 

* 

On  * 

*(H 

CO 

c 

i  - 

TJ  *rt  4- 

O  O  rH  co  S 

rH 

0 

-H 

* 

OO  * 

>4- 

rO 

CJ  00 

0  i- 

rl  rl  £  ) 

c 

X 

Ll. 

* 

CM  * 

•r* 

TJ 

1 

4J  0  co 

r-H  rH  r-H  CP 

= 

o 

* 

* 

*o  * 

<j 

rH 

• 

CO 

-  Cl 

ro  E  -rH 

ro  ro  O  -  C 

O  X 

rH 

* 

un  * 

CD 

0) 

CD 

CD 

rl  3  £ 

C  »  -rl 

s 

“D 

x  * 

o 

* 

«=r  * 

a 

*H 

rH 

•fH 

e  •• 

33  C  4-1 

T3  TJ  1  co  rH 

i 

0 

X 

X 

* 

on  * 

03 

<4- 

*|H 

i- 

10  X 

O 

rH  rH  «-*  0  -rH 

CM 

03 

0  x 

-p 

* 

CM  X 

x 

X 

C  (0 

H  L  w 

co  a>  x  ro 

3 

B  X 

c 

X 

*— i  * 

TJ 

<U 

c 

-H  E 

ro  O  0) 

•rl  -rl  •  a  X 

10  * 

O 

X 

>=t  O  * 

rH 

X 

a) 

03 

X! 

04-  E4-4-  X  0.44 

z 

c  X 

CJ 

* 

On  * 

0 

4-1 

x 

1  1 

■H 

<S>  3  1 

•» 

CQ 

rn 

X 

* 

00  * 

■H 

4J 

CD 

CQ 

44  <0444-4-44  cn  r— 1 

z 

3> 

CO 

TJ  * 

o 

* 

Cn  * 

x 

0 

44 

03 

O  C 

0  0  4- 

1 

CJ 

cu 

rH  X 

-p 

X 

VO  * 

X 

X 

rfl 

'  o 

C  -H  4- 

10  O  C 

r-H 

1 

>1 

03  X 

* 

in  * 

X 

(0 

o 

•H 

-o  a 

4-  O 

44  CL)  X  O' 

•— i 

1 

•H  X 

c 

* 

X 

O 

0) 

4- 

X 

0 

4-  a> 

X  44  JJ£  0)  -rl 

iH 

X  X 

X 

* 

on  * 

X 

CL 

- 

■rH  TJ  X 

O  15  C  N  » 

0 

- 

X 

3 

* 

CM  * 

c 

o 

O 

U  CO 

0 

CL  TJ  ro 

c 

X 

- 

X 

-P 

X 

— >  * 

o 

X 

10  -rl 

»n  -  X 

03  CL  rH  O  O 

O 

0 

o 

03  X 

0 

* 

on  O  * 

•r* 

CO 

a 

a.  -a 

H  c^  E 

X  3  X  C  C 

c 

JZ 

c 

X  * 

S- 

* 

on  * 

-P 

CD 

a. 

i 

C  1  =J 

1  1  1  1  1 

1 

1 

1 

C  * 

* 

OO  X 

ro 

*|H 

ffl 

a. 

OO  COOOOOOOOLiJ* 

o 

* 

c ^  * 

<D 

x 

'w'  -W**  'w' 

'w' 

'w' 

•s^ 

^  X 

-p 

* 

no  * 

x 

-P 

0 

X 

* 

in  * 

cj 

c 

X 

X 

VO 

* 

«a  * 

CD 

X 

h- 

X  X 

i*H 

* 

on  * 

oo 

X  X 

u_ 

* 

CM  * 

(D 

0 

o 

X  * 

a. 

* 

— i  X 

CO 

o 

*  * 

* 

CN 

o  * 

CD 

rfl 

UJ 

X  X 

03 

* 

on  * 

-C 

s: 

a:  cm 

X  X 

03 

* 

CO  X 

i— 

<  r-» 

o  ^ 

X  X 

0 

* 

CM  * 

CQ  O 

a.  in 

hnOOOOOOOOOJt  * 

X 

* 

nO  * 

CL 

* 

in  * 

1 

•  •  •  * 

•  • 

•  • 

*  • 

* 

<o  * 

4J  jz 

SZ  co  co 

0  0  0  rH 

-P 

♦  • 

•  ■  CO 

* 

on  * 

0 

as  4J 

44  O  O 

TJ  T3  TJ  «  X 

CLTJ  (0 

* 

CN  * 

B 

o 

B  ct 

O'  CL  O 

O  O  O  oo  44 

<0 

T3 

t 

rH  -H 

* 

T-H  X 

ro 

o 

X  c 

c  c 

CJ  <J  <J  0  c 

E 

0 

10 

0  rH 

* 

*“H 

O  * 

c 

rH 

o  a> 

0  r-H  0 

X  o 

E 

-p 

-fH  rfl 

* 

On  * 

4-  r-t 

H  B  X 

-P  0  Q.  U 

o 

>> 

CO 

* 

0O  * 

T3 

-p 

E  X 

X  44  ro  X 

CJ 

X 

TS 

X 

CM  * 

rH 

L 

• 

•  -H  O 

O  ro  fH  3  C 

10 

0 

.  t — | 

* 

no  * 

0 

<a 

4J  4J 

-P  U  CJ 

Q.  T3  CL  «  O’  rH 

c 

-P 

E  03 

* 

in  x 

•H 

4-» 

r.  c 

X  0  U 

O  CL  W  |  -rl 

o 

•rH 

05 

3  -H 

* 

«o  * 

U-ait-IMUJQOce^OOOT 

C3 

CQ 

CJ 

CJ  X 

* 

cn  * 

* 

CM  * 

* 

♦“H  * 

* 

* 

* 

* 

*  * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*  4c 

*  *  * 

*  *  *  X  X 

X 

X 

X 

X  X 

X  : 

* 

* 

*  * 

rH 

CM 

co 

^  Ul  no 

CM 

oo 

On  O 

h  cm  m 

Kf  in  no  C^-  CO 

an  o 

rH 

CN  on 

* 

X 

*  * 

iH 

CM 

* 

X 

*  * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*  * 

*  *  * 

*  *  *  X  X 

% 

* 

* 

X  X 

*  : 

C10B 


*  *  *  * 
*  *  *  * 
*  *  *  * 
x  x  x  x 
*  * 


*  *  *  * 
x  x  x  x 
*  *  *  * 
*  *  *  * 


1 234 S67 890 12 345678901 234567 8901 234567890 1234567890 1234567890 12345678 90 1234567890 


<o 


* 

* 

* 

* 

* 

*  * 

X 

* 

* 

* 

X  * 

*  *  *  *  * 

* 

*  * 

* 

* 

* 

* 

*  * 

* 

* 

* 

X  X 

X 

* 

TO 

CN 

fT)  U*l  VO 

c-. 

00 

CTi  O 

^4  cn  on  la 

<o 

00 

av  O 

i  t 

CM 

TO  «3- 

* 

* 

X  X 

X 

* 

rH 

CM 

* 

X  X 

X 

* 

* 

* 

* 

*  * 

* 

* 

* 

* 

X  * 

X  ¥  *  *  X 

* 

*  * 

* 

* 

* 

* 

*  * 

* 

* 

* 

X  X 

X 

* 

X 

O  X 

/TO 

X 

CO  O  X 

OV  * 

■a 

/ — . 

>- 

X 

CTl  X 

CO 

* 

oi 

44 

O' 

* 

ao  X 

* 

c 

o 

hH 

* 

X 

<0  * 

,  ai 

4 

3 

* 

vo  X 

in 

* 

•rl 

/TO 

Q 

O' 

ul  X 

•=r  * 

V) 

>> 

r. 

2 

* 

«e-  x 

on  x 

E  /-. 

rH 

»  1 

/TO 

HH 

* 

<n  X 

CM 

* 

3  tfl 

C 

1 

CD 

* 

<N  X 

— •  * 

1  1-1 

o 

<N  C 

11 

>» 

* 

<—  X 

o  * 

3  1 

-  O 

h- 

_Q 

* 

r-  O  X 

cr> 

X 

33 

>\ 

o 

<X 

* 

cn  * 

00  * 

- 

/*N 

ra 

4  CO 

s : 

T3 

* 

ao  * 

* 

TD  - 

/-N  “U  “D 

rH 

0)  Q 

Oi 

0 

* 

C^X  * 

VO 

* 

0)  Lfl 

J8  0  0) 

a. 

N  1 

o 

03 

* 

VO  * 

in 

* 

C  — • 

4J  3  3 

03 

m 

Lu 

3  • 

* 

un  * 

<T  * 

O  1 

CT  O  O 

*H 

CT  - 

1  3 

* 

* 

TO 

* 

• 

N  rvi 

E  /' — >  rH  r— 1 

-a 

C  1 

/TO 

-J 

0  C 

* 

TO  * 

CM 

* 

03 

QZ 

1 

O  >B  H  H 

l 

■rt 

s 

<X 

/TO 

E  cu 

* 

CM  * 

»— H 

* 

c 

UJ 

rvi  « 

|H  rH  01  8  8  CN 

T3  C 

% 

u 

«  E 

* 

TO  * 

O  X 

o 

h- 

CN 

E  4J 

8  O 

r 

az 

o 

c 

%  r\ 

C  X 

CT-> 

* 

_ 1 

2 

-  m 

■  O  18  4J  44 

- 

<1) 

UJ 

4J 

* 

0\  X 

CO 

* 

4J 

UJ 

4  •- < 

44  01  O  O 

u 

rH  cm 

T3  1 — 

fC 

0  -P 

* 

CO  X 

* 

* 

ft 

0)  1 

CWQ.CC 

a> 

a 

c 

rH 

JJ  -H 

* 

x 

vo 

* 

03 

0 

00 

4->  a 

■H  -a  <2,  1  1 

4J 

W  I 

ro 

hH 

3 

f0  t — 1 

vo  X 

lH 

* 

C 

*H 

03 

o 

rl  i.  h  h 

4- 

w  <N 

£ 

c  *H 

* 

Lfl  X 

«3* 

* 

o 

4- 

0) 

8  » 

e  ai 

f0 

0)  - 

r 

U 

13 

U  4J 

* 

<r  x 

TO 

* 

-n 

•H 

u 

t-  <e- 

O  -rl  T3  ■•  « 

4  w 

tft- 

o 

L) 

0 

* 

m  x 

CM 

* 

-Pi 

0 

CL 

a  i 

4  4-  r-l  T3  T1 

JrZ 

a  3 

- 

4- 

<J 

X 

CN  X 

i— H 

* 

ft 

0 

J3  £23 

4-  o  o  ai 

C 

Q  C 

1 

ITJ 

rH  0 

X 

■H  X 

o 

X 

0 

a 

TJ 

<4 

O  -h  3  3 

rC 

3  -rl 

TO 

>» 

•e  rH 

X 

in  o  X 

cr> 

* 

•1 H 

03 

c 

1 

■a  -h  4-  o  o 

rH 

w  E 

rH 

<D 

^  -H 

X 

CTi  * 

00 

* 

4-1 

rtS 

CJ  CO 

O  t.  rH  iH 

_Q 

1 

C 

J2 

U- 

* 

CO  * 

lN 

* 

•H 

“O 

1 

4-1  GJ  w  rH  r4 

TO  CJ) 

o 

* 

X 

^  * 

VO 

* 

0 

i — 1 

03 

-  a. 

IB  £  -ri  IB  13 

o 

-  c 

O 

*  rH 

X 

VO  * 

un 

* 

0 

0  0 

0 

i — 1  3  £ 

c 

03  -ri 

z 

T3 

4-J 

*  O 

X 

in  * 

* 

a 

*H  rH 

•ri 

4  •• 

3  C  4  8  8 

1 

03  rH 

i 

0> 

*  u 

X 

* 

TO 

* 

w 

4-  *H 

u 

IB  X 

O  rlrl 

03  -H 

CM 

03 

0 

*  4J 

X 

TO  * 

CM 

* 

4- 

4J 

C  IB 

rl  L  ffl  ffi  «l 

4  8 

3 

E  *  C 

X 

CM  * 

»  -4 

* 

TJ 

<D 

C 

-h  e 

18  O  G)  -rl  -H 

«. 

Q  4 

- 

rt3 

*  o 

X 

* 

O  X 

r— i 

.c  a) 

0 

XI 

O  4-  E  4-  4- 

u 

a  4J 

r 

C  *  u 

X 

■d-  O  X 

0“N 

* 

0 

-M  -C 

1  1 

•<4 

a> 

3  1 

** 

03 

/TO 

* 

X 

ai  x 

CO  * 
* 
VO 
in 
«=T 
to 
eg 


■  * 
* 
* 
■  * 
x 
* 
•  * 
* 
* 
* 

VO  * 
lO  * 
<3*  * 
TO 
CM 


o 

CT\ 

co 


CM 


TO  * 

cm  * 
^  * 
* 

*  * 
*  * 
*  * 
*  x 


•H 

U- 


4- 

O! 


ft 

a) 

S- 

u. 


44 

0 

CO 

+4  a>  44  4-  4-  44 

W  •— 1  s 

O  ®8 

* 

o 

X 

CO  X 

0 

4J 

O) 

O  C  0  0  4- 

-  1 

U  0)H 

* 

4-1 

X 

f-  X 

4J 

4 

f0 

'  o 

C-H4-  8 

O  C  •— i 

1  >i  0) 

* 

X 

VO  X 

ft 

O 

*H 

*o  a 

4-  O  44  CU 

4  O' 

--  1  -H 

* 

C 

X 

Lfl  X 

0)  4- 

4 

0 

4-0  4  44  4*£ 

O  -rl 

t-H  t*. 

* 

u 

X 

■cf  X 

u 

Q. 

■rl  T3  4  O  8  E 

N  w  0) 

x 

* 

3 

X 

on  X 

u 

O 

0  03 

O  Q  TJ  8 

C 

X  '4 

* 

4J 

X 

<N  X 

4 

rO  *rH 

^  .  XI  <1>  QrH 

o  o  o 

01  O  o 

* 

0 

X 

•-4  X 

03 

a. 

Q-TD 

rHOl  E  4  3  J3 

EEC 

x:  c  44 

* 

e 

X 

on  O  X 

0 

CL 

1 

C  1  3  1  1  1 

1  1  1 

1  1  E 

* 

X 

ai  x 

*H 

ft 

CL 

OO  COOOOOOOOU4X 

o 

X 

co  X 

4 

V-£ 

>w/  V  4^  'w'  W  4/ 

Xw/  S— 4  4/ 

N/  4/  4/ 

* 

4J 

X 

O'-  x 

4J 

0 

* 

X 

vo  X 

c 

.C 

* 

vo 

X 

Lfl  X 

0 

4J 

* 

* 

TO 

X 

■d-  x 

* 

* 

Lu 

X 

on  x 

0 

0 

* 

* 

Q. 

X 

CN  X 

03 

* 

— j 

* 

* 

X 

—  X 

0 

m 

* 

* 

03 

X 

CN  O  X 

-C 

s: 

h-  00 

* 

* 

03 

X 

CTi  X 

1- 

O  fro 

o  ^ 

* 

* 

0 

X 

03  X 

h-  O  cl  in  to rcsjOOOOOOOOOx  * 


U 

a> 


*^r 

* 

•  - 

4J 

-C 

-C 

03 

03 

ai  8 

0 

i — * 

4J 

03 

TO 

* 

0 

-  • 

ft 

4J 

4J 

O 

0 

~c  ~o 

-a 

w  E 

*H 

Q  "D 

ft 

CM 

* 

E 

0 

E 

a> 

cn 

a 

0 

o  o 

o 

«  44  8 

U 

E  rH 

•H 

rH 

* 

ft 

o 

L 

c 

c 

c 

U  <4 

0 

01  E  E 

0 

8  01 

rH 

o 

* 

c 

fH 

O 

0 

0 

rH 

0 

4  O  E 

44  -rl 

re 

cn 

* 

*4— 

rH 

rH 

ft 

u 

44  Q1 

Q  VI  O 

W  V|_ 

ao 

* 

~o 

4J 

E 

u 

4  44 

ft 

Q  U 

U 

“O 

>. 

* 

rH 

L 

• 

•ri 

3 

O  8 

rH 

3  C  N. 

«5 

<v  ■ 

rH 

VO 

* 

0 

re 

4J 

4J 

44 

0 

0 

Q  TJ 

Q_ 

W  O'  rH 

C 

44  E 

0 

4P, 

* 

*H 

4J 

c 

C 

X 

0 

0 

oi  a 

03 

1  -rl  O 

*fH 

8  3 

•H 

<■ 

* 

lJU. 

I 

s 

HH 

UJ 

O 

o 

cm  3 

Q 

OU)C 

CQ 

£3  O 

U- 

************************* 

-<<NTO^,a^vots*coc^0^fNTO^tLn'ocscoa\0’^cNm«^ 

^  <M 

***************** 


********* 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


r-v 

vo 

in 

TO 

cm 


*  O 

CT\ 

CO 

VO 

l n 
** 
TO 
CM 


C109 


Fig  91.  Field  Specification  for  TOTAL 


U  N.V  fix  ^  "  V  ”  IF  ■  LP  w* 1  v  7  v.- 


VMM  "I 


* 

X 

* 

* 

* 

* 

* 

* 

* 

X 

X 

* 

X 

* 

* 

*  *  * 

* 

He  3e 

He 

* 

* 

X 

He  He 

He 

X 

X 

HC  h: 

* 

* 

* 

X 

«*-4 

CN 

m 

41  CO 

cn 

co 

ON  O 

h  (Nm 

«=T 

an 

VO  ^  CO 

cn 

o 

»  H 

CN 

m 

He 

He 

He  h: 

X 

* 

* 

X 

fH 

CN 

He 

X 

He  He 

X 

X 

* 

X 

% 

X 

* 

* 

* 

* 

* 

* 

He 

* 

* 

*  *  * 

* 

He 

*  H=  * 

X 

He 

X 

X 

H:  H: 

He 

He 

He 

X  X 

He 

X 

X 

X 

* 

co 

o 

X 

rv 

He 

eX3  O  HC 

X 

cn 

* 

TJ 

/-N 

>- 

X 

cn  x 

* 

co 

X 

CD 

-L» 

cn 

He 

CO  He 

X 

cn 

X 

c 

o 

hH 

X 

C''  He 

* 

VO 

* 

•  on 

4 

2 

He 

4D  He 

* 

lO 

X 

*r» 

a 

o 

X 

an  x 

* 

X 

to 

2 

X 

x 

* 

cn 

X 

c 

rs 

rH  *  1 

/ — s 

HH 

X 

cn  x 

X 

CN 

X 

3 

lO 

C  1 

cn 

X 

CN  X 

X 

»—■< 

* 

1 

T— J 

O  CN  C 

ii 

X 

— '  X 

* 

o 

X 

ID 

! 

-  G 

i— 

_Q 

He 

O  HC 

* 

cn 

* 

ID 

>i  O 

<z 

He 

cn  X 

* 

co 

He 

rs 

/■> 

(0  4  CO 

21 

T3 

X 

oo  x 

X 

X 

TJ 

rs 

13 

7D 

rH  CD  O 

OJ 

G 

X 

He 

X 

VO 

X 

CD 

an 

-C 

G 

G 

a  n  i 

o 

cn 

X 

4D  He 

* 

lO 

X 

c 

4J 

3 

3 

cn  cn 

Ll 

•H 

He 

an  x 

X 

*^T 

X 

o 

i 

CP 

o 

o 

•h  cn  - 

1  3 

X 

<*  X 

* 

cn 

X 

N 

fN 

C  rs  r> 

rH 

rH 

TJ  C  1 

/— N 

_l 

CD  C 

X 

cn  X 

* 

CN 

X 

cn 

CP 

t 

CD  >sT3 

rH 

rH 

1  -rH 

<T 

/N 

E  CD 

X 

CN  X 

* 

T - 1 

x 

c 

UJ 

rvj 

•* 

i — <  rH  CD 

no 

no 

CN  TJ  C 

- 

2 

4 

O  E 

X 

X 

* 

VO 

o 

X 

o 

1— 

CN 

C  4J 

(0  O 

OJ 

O 

c 

X 

eo  O  He 

X 

cn 

* 

2 

m 

•  O  (3 

4J 

4-1 

-  G 

LU 

4J 

* 

cn  X 

X 

co 

X 

-p 

LU 

4 

r~H 

4J  <D 

O 

Q 

4  rH  Q£ 

T3 

i- 

03 

G  4J 

X 

CO  x 

* 

cn 

X 

no 

Q) 

1 

C  M  Q. 

c 

C 

S)  U 

c 

2 

i — 1 

4J  -ri 

He 

14  He 

He 

VO 

X 

cn 

g 

cn 

4J  U 

•fH  *C3  CL 

1 

1 

4J  <0  | 

ra 

HH 

3 

no  r-J 

X 

vo  X 

X 

lO 

X 

c 

■H 

cn 

CJ 

p4  4 

iH 

4-  co  CN 

C 

C  -rH 

X 

an  x 

* 

*cr 

X 

o 

4_ 

CD 

03 

- 

E  <U 

03  G 

- 

4 

3 

4  4J 

X 

X 

X 

m 

X 

*rl 

*H 

4 

L- 

O  -H  T! 

- 

- 

S_  cn 

tfl- 

O 

G 

CD  2 

X 

cn  X 

X 

CN 

X 

4-*! 

g 

Q. 

r a 

i 

4  4-1-1 

TJ 

T! 

JC  4  D 

r 

'4- 

G 

-P 

X 

cn  He 

X 

T— ( 

X 

itj; 

0) 

JD 

CO 

4-  <1) 

G 

G 

c  a  c 

1 

<0 

rH  G 

X 

r-H  X 

X 

l n 

o 

X 

G; 

Q. 

TJ 

CJ 

O  -H 

3 

3 

no  3  -rt 

cn 

O  r-H 

He 

cn  O  He 

X 

cn 

* 

•rHi 

cn 

c 

i 

-* 

TJ  -H  4- 

o 

o 

rH  cn  £ 

rH 

G 

4^  -jH 

He 

cn  x 

He 

co 

X 

4-, 

03 

CJ  co 

CD  £_ 

rH 

rH 

-G  1 

C 

_G 

Ll. 

X 

OO  x 

X 

lN 

X 

•h] 

X! 

i 

+J  O  to 

rH 

rH 

-<  CP 

s 

o 

X 

X 

x 

* 

VO 

* 

4>l 

1 - 1 

• 

cn 

«» 

CL 

(8  E  -rt 

no 

no 

O  -  C 

tB- 

O 

X  rH 

X 

vo  X 

* 

lT\ 

X 

<D| 

CD 

CD 

0 

c-l  3  J= 

C  cn  *H 

r: 

TD 

4J 

X  G 

X 

an  x 

* 

*vT 

* 

CL 

*r* 

i — 1 

•r* 

4 

3  C  4J 

TS 

T! 

1  co  rr 

i 

G 

*  4 

He 

<3*  X 

X 

on 

X 

CO| 

4- 

*H 

4 

IS 

X 

o 

rH 

rH 

H  0  -|H 

CN 

cn 

G 

X  4J 

X 

cn  x 

X 

CN 

X 

; 

4- 

4-> 

c 

03 

r-t  4  co 

G 

G 

4  re 

3 

E  He  C 

X 

<N  He 

X 

*— » 

X 

TJi 

CD 

c 

*H 

E 

03  G  G 

•rH 

*H 

-  CL  4 

- 

fO 

He  O 

X 

r-H  * 

X 

«?fr 

o 

X 

rH 

-C 

<D 

CD 

JO 

u  4-  = 

4- 

4- 

4Q--U 

s 

C 

He  U 

X 

■TO* 

X 

C^ 

X 

<u 

-P 

jr 

1 

1 

■H 

CD  3  1 

*» 

cn 

X 

X 

cn  X 

X 

co 

X 

*ri 

4J 

CD 

CO 

4J  U)  -M 

4- 

4- 

L  M  H 

s 

z> 

cn 

T! 

X  G 

X 

oo  He 

X 

CN 

X 

4- 

CD 

+J 

cn 

o  c 

O 

O 

4- 

i 

u 

G 

rH 

X  -U 

X 

r*-  x 

X 

VO 

X 

4J 

4 

.73 

** 

o 

c  -n  4. 

no  C  C 

r-H 

1 

G 

X 

X 

40  He 

X 

lO 

X 

4- 

nO 

O 

*H 

TJ 

Q. 

4-  O 

4J 

G 

4  CP 

*— i 

i 

*rH 

He  C 

X 

an  x 

* 

* 

Oj 

0) 

4- 

4 

CD 

4-  0) 

4 

4J 

4C  0)  -r 

*— » 

4- 

He  4 

X 

He 

X 

on 

X 

4 

Q. 

•H  TJ  4 

O 

03 

C  N  co 

G 

He  3 

X 

cn  x 

X 

CN 

X 

c 

| 

CJ 

G 

CJ 

cn 

<D 

G.  TJ 

no 

c 

X 

- 

4 

X 

X 

<N  X 

X 

» — t 

X 

G 

4 

03 

*H 

>*  -  -Q 

G 

Q. 

rH  O  O 

o 

G 

o 

G 

X  G 

X 

r-H  X 

He 

cn 

o 

* 

-rij 

« 

Q. 

a  tj 

n  cn  E 

4 

3 

JO  c  c 

c 

JC 

c 

JJ 

X  i- 

X 

cn  O  He 

X 

cn 

x 

-U 

G 

Q. 

l 

C  1  3 

1 

i 

1  1  1 

1 

1 

1 

C 

X 

X 

cn  x 

He 

co 

X 

«3 

*H 

no 

a.  % 

o  o  c  o  o 

o  o  o 

o 

O  O  UJ 

X  o 

X 

oo  He 

* 

cn 

X 

g 

4 

S-/  _ _ ' 

'w' 

4/  4/  4/ 

4-^ 

4C 

4^ 

4^ 

X  4-J 

He 

X 

* 

vo 

* 

4 

-*J 

CD 

X 

X 

vo  X 

X 

on 

X 

4J 

c 

-C 

He  eO 

X 

Lfl  He 

X 

*cr 

X 

CD 

-P 

* 

X  ^ 

X 

He 

* 

on 

X 

UJ 

X 

X  U- 

X 

cn  He 

X 

CN 

X 

<D 

CD 

* 

X  CL 

X 

CN  X 

* 

X 

cn 

X 

X 

X 

X 

X 

cn 

O 

X 

G 

03 

CO 

X 

X  cn 

He 

CN  O  He 

X 

cn 

X 

JZ 

s: 

X 

H:  co 

X 

cn  x 

X 

co 

X 

i — 

CO 

m 

•H-  ^ 

X 

He  CD 

X 

QO  X 

X 

X 

Q_ 

0 

0 

0 

2 

n 

0 

0 

0 

o 

o 

o 

X 

He  4 

X 

X 

X 

vo 

X 

CL 

X 

vo  X 

X 

i-G 

X 

•  * 

. 

•  « 

•  • 

•  • 

X 

an  x 

* 

*=T 

X 

-  • 

JJ 

sz 

SZ  cn  cn 

G 

G 

G  rH 

4J 

cn 

X 

=T  He 

X 

on 

X 

CD 

T 

4J 

4J  O  4» 

TJ 

T3 

T3  o)  L 

•H 

Ql 

TJ 

no 

X 

m  x 

X 

CN 

* 

E 

g 

t= 

cn 

Cl  Q-  u 

O 

o 

O  »  H 

03 

“O 

tr 

rH 

•H 

X 

cn  x 

X 

f— < 

X 

03 

o 

4 

c 

c  c 

G 

U 

CJ  G  C 

E 

G 

03 

G 

rH 

He 

r-H  X 

X 

»•  ^ 

o 

X 

c 

rH 

O 

G 

G  rH  G 

4  O 

fc 

-U 

•rH 

03 

X 

T  — H 

O  X 

X 

cn 

X 

4- 

rH 

r-J  (0  4 

4J 

G 

>  Q.  U 

o 

nn 

cn 

X 

cr.  x 

X 

co 

X 

TJ 

-P 

E  4 

5- 

4J 

03  CL 

U 

T3 

X 

oo  X 

X 

CN 

X 

rH 

5_ 

•  -rH  D 

o 

03 

r-t  3  C 

\ 

t"3 

G 

rH 

X 

C4  X 

X 

VO 

X 

CD 

0J 

-u 

4J 

-P  O  U 

a. 

T3 

G.  cn  cn  i — ■ 

C 

4-J 

E 

G 

He 

vo  X 

* 

lD 

X 

•H 

4J 

c 

C 

x  a>  u 

G 

a 

co  I  -rH 

o 

•|H 

03 

r 

*(H 

X 

an  x 

X 

'cr 

* 

u.  CO 

HH 

HH 

uQO 

OJ 

ID 

CD  O  Ci'J 

CJ 

CO' 

u 

Lu 

X 

<4T  X 

X 

O-' 

X 

X 

m  x 

X 

CN 

x 

X 

CN  X 

X 

t  H 

X 

X 

«— •  X 

X 

X 

X 

X 

X 

X 

X 

* 

X 

X 

* 

* 

He 

* 

X 

X 

* 

* 

X 

X  *  * 

X 

* 

*  X  X 

X 

.X 

X 

X 

*  He 

He 

X 

X 

He  * 

-r* 

X 

He 

X 

f— 1 

CN 

cn 

on 

vo 

cn 

CO 

On 

o 

»-h  sN  m 

an 

vO  CO 

cn 

o 

rH 

CN 

cn  «p- 

X 

X 

He  He 

He 

X 

X 

X 

CN 

X 

X 

X  X 

* 

X 

* 

X 

X 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*  *  * 

* 

X 

XXX 

* 

* 

* 

X 

He  He 

X 

X 

X 

X  x 

cud 


>  j-  .  • 


•*-  ^  - 
Vo’. 

AmAaUtd 


hig  92.  Field  Specification  for  TOTBARE 


AD-A175  AA1  FORMULATION  OF  A  CONSTRUCTION  COST  ESTIMATING  PROCEDURE  VI 
TO  AID  DESIGNERS  I  <U>  AIR  FORCE  INST  OF  TECH 
URIGHT-PATTERSON  AFB  OH  SCHOOL  OF  SVST  S  R  STARK 
UNCLASSIFIED  SEP  86  AF I T /GEM/LSA/86S-26  F/G  14/1  NL 


* 

X 

*• 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

*  * 

* 

* 

* 

*  *  * 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*-H  CM 

cn 

Kf  Lf)  VO 

03 

a\OH<vm«tin'0(^oooiO 

(Nnd 

* 

* 

* 

* 

* 

* 

* 

* 

CM 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

X 

* 

* 

* 

X 

*  * 

^ic******: 

* 

* 

* 

*  *  * 

* 

* 

* 

* 

X 

* 

* 

* 

* 

* 

00 

o 

* 

r\ 

r\ 

* 

ao 

o 

* 

* 

cn 

* 

3 

rs 

>- 

X 

CT> 

X 

* 

CO 

* 

CD 

p 

as 

* 

ao 

* 

* 

cn 

* 

c 

o 

M 

* 

* 

* 

vO 

* 

O' 

s_ 

Z5 

* 

LO 

* 

* 

in 

* 

*H 

/->  Q. 

o- 

* 

in 

* 

* 

«=f 

* 

CO 

/-N 

2 

X 

* 

* 

cn 

X 

c  r- 

fH  *  | 

rs 

HH 

* 

cn 

X 

* 

CM 

* 

3  in 

C  1 

CQ 

* 

CM 

* 

* 

* 

1  *-H 

O  CN  C 

it 

>» 

X 

X 

X 

r- 

O 

* 

=>  1 

»  O 

h- 

ss 

* 

o 

X 

* 

Cn 

X 

3 

>>  O 

<L 

X 

cn 

X 

* 

oo 

* 

« 

r-s  (Q  i_  00 

s: 

3 

X 

CO 

* 

* 

X 

3  ' 

/-%  3  3  pH  a;  a 

a: 

0 

X 

cn. 

* 

X 

<o 

* 

o>  in  jr  Q)  o  cl  n  i 

O 

CO 

* 

LO 

* 

* 

in 

* 

C  -H 

4  J  3  3  w  cn 

U_ 

3  - 

* 

in 

* 

* 

*3* 

* 

o  l 

o'  o  o  -h  cn  . » 

1  3 

* 

* 

* 

cn 

* 

• 

n  rvi 

C  p'p'iH  H  3  C  1 

-J 

0  C 

* 

cn 

* 

X 

CM 

* 

CO 

OS 

l 

01  >3  rH  pH  1  -H 

s 

<r 

rv  E  OJ 

X 

CM 

* 

* 

«H 

* 

c 

LJ 

rvi  - 

rHpHQ)rC(B<N3C 

2 

4  18  E 

* 

*“4 

* 

* 

vo 

O 

* 

o 

P 

CM 

CP  18  O 

s 

as 

o  c 

* 

vo 

o 

* 

* 

cn 

* 

*H 

2 

•*  cn 

•  O  (B  P  P  «  <U 

LU 

p  >1 

X 

O' 

* 

a. 

* 

oo 

* 

p 

Ld 

L  *-< 

P  <U  O  O  J-  pH  as 

3  P 

rc  0  4J 

* 

00 

* 

aS 

* 

r^. 

X 

• 

(0 

Q)  1 

c  w  a  c-  c  <u  cj 

C  2 

rH  P  -rl 

* 

* 

o 

* 

MO 

X 

CO 

0 

CO 

■P  U 

•H  3  <t  1  |  P  cn  | 

IB  (H 

3  IBrH 

* 

vo 

* 

p 

* 

in 

* 

c 

*H 

CO 

O 

rH  S_  *h  l*_  oj  CN 

E  C  -H 

X 

in 

* 

o 

* 

«=* 

* 

o 

4- 

CD 

rO  - 

E  a*  (B  <u  - 

s 

5. 

3  4  P 

* 

ct 

* 

p 

* 

cn 

* 

-H 

*H 

4 

i.  <t 

O  -H  3  »  '  t_  CO 

O 

0  0  3 

X 

cn 

* 

* 

CM 

* 

-P 

' 

Q. 

fO  1 

C-  P  rH  3  3  -X  a  3 

2 

P 

O  P 

X 

CM 

* 

4 

* 

T— < 

X 

18 

0) 

SZ  CO  4-  CU  d)  a>  C  Q.  c 

i 

/C  H  O 

* 

*■>* 

* 

o 

* 

lO 

o 

X 

<J 

Q. 

■a 

u 

o  *H  3  3  *0  3  *H  cn 

iX3  rH 

* 

in 

o 

* 

4— 

* 

cn 

* 

•H 

CO 

c 

1  ' 

3  -H  4-  O  O  rH  co  E 

rH 

0  wH 

* 

cn 

* 

X 

ao 

* 

4- 

<8 

CJ  ao 

d>  S-  pH  rH  JO  | 

c 

XI  Ll. 

* 

00 

* 

c 

* 

* 

*H 

3 

1 

4-*  0  CO  rH  rH  «  O' 

Z 

o 

* 

* 

* 

o 

* 

vo 

* 

<J 

r~< 

• 

CO 

-  a. 

19  E  H  18  18  O  -  C 

«=► 

O  *  r-t 

* 

VO 

X 

•r- 

* 

in 

X 

a 

0) 

CD 

<D 

>> 

r-l  3  JC  C  m  -H 

2 

3 

P  *  O 

* 

in 

X 

4-> 

* 

«5j 

* 

Q 

•|H 

rH 

•H 

i-  ■• 

3  C  P  3  3  1  co  rH 

l 

0 

*  4 

* 

* 

<o 

* 

cn 

* 

<0 

4- 

•H 

5- 

iB  X 

CJ  rH  H  ^  <D  *H 

CM 

CO 

O  *  P 

X 

cn 

* 

o 

* 

CM 

* 

4- 

-P 

C  (8 

pH  c  03  0)  0)  5_  (B 

3 

E  *  c 

X 

CM 

* 

•f— 

* 

*H 

* 

3 

0 

C 

•H  E 

(8  O  0)  rl  -H  *  a  i- 

- 

IB  *  O 

* 

*— ♦ 

* 

p 

X 

<■ 

O 

X 

rH 

SZ 

<U 

<D 

XI 

OP  E  P  P  4  CLP 

2 

C  *  CJ 

* 

■3- 

o 

* 

•f— 

* 

<n 

* 

o 

p 

sz 

1  1 

-H  CU  3  1 

CQ 

* 

* 

cn 

* 

o 

* 

oo 

* 

•fH 

-p 

<t) 

CO 

P  CUPPPP  03  •— r 

2 

3> 

03  3  *  O 

* 

oo 

* 

CU 

* 

X 

4- 

aj 

-P 

CO 

O  c  OOP 

i 

O 

CU  rH  *  4J 

* 

* 

CL 

* 

VO 

* 

-p 

s_ 

(0 

•  o 

C  -H  P  (8  O  C 

i-H 

1 

O  * 

* 

VO 

* 

cn 

* 

in 

* 

4-1 

m 

o 

*H 

3  a 

POPO  C-  c 

r“H 

i 

-rl  *  C 

* 

in 

X 

* 

* 

O 

a>  4- 

5- 

CD 

p  a>  lp^  o-h 

*— 8 

P  *  4 

* 

* 

3 

* 

cn 

* 

4 

a. 

•H3l-OrBCtMco 

0 

- 

*  3 

* 

cn 

X 

r— 

X 

CM 

X 

c 

u 

o 

CJ  CO 

<U  CL  3  (B 

c 

X 

- 

4  *  P 

X 

CM 

* 

CU 

* 

* 

o 

4 

iQ  *rH 

5p<  -  JQ  <D  Q.  rH  O  O 

o 

0 

O 

0*0 

X 

X 

•r 

* 

m 

o 

* 

-HI 

CO 

a 

Q.  3 

1 — IO>ES-3XCC 

c 

sz 

c 

P  *  4 

X 

cn 

o 

X 

Ll. 

* 

cn 

* 

-M 

0) 

CL 

1 

C  1  3  1  1  1  1  1 

1 

1 

1 

C  * 

X 

cn 

* 

* 

oo 

* 

rBi 

*H 

m 

CL  3fc 

OOCOOOOOOOOP*  o 

X 

ao 

X 

* 

X 

4 

SP' 

>W»  s^1  Nh'  N— '  s-/  Srf' 

'w' 

'w' 

■«-'  *  P 

* 

* 

• 

* 

vo 

* 

4 

-p 

CD 

* 

* 

vo 

* 

CO 

* 

in 

o 

c 

j= 

*  LO 

* 

in 

* 

<y> 

* 

* 

<0 

-M 

*  *  rH 

* 

* 

* 

CO 

* 

*  *  P 

X 

cn 

X 

cn 

* 

CM 

X 

CD 

a> 

*  *  CL 

* 

CM 

* 

X 

»“H 

* 

CO 

Q_ 

*  * 

* 

t“H 

* 

u_ 

* 

CM 

o 

* 

CD 

rB 

oC 

*  *  03 

X 

CM 

o 

X 

X 

cn 

* 

sz 

s: 

O 

*  *  03 

X 

cn 

* 

* 

oo 

* 

p 

f—  1X1 

*  *  o 

X 

oo 

* 

X 

* 

o  oi 

Q-  r^» 

'T  .000000000**5. 

X 

r-* 

* 

* 

■o 

X 

H-  O 

1— f  CSJ 

a. 

* 

vo 

* 

* 

in 

* 

•  •  ■• 

•  • 

•  • 

•  • 

* 

in 

* 

* 

* 

•  * 

P  sz 

_C  CO  CO  0  0  0  fH 

4J 

•  •  CO 

* 

X 

* 

cn 

* 

CD 

•  • 

<n  jj 

P  0  0333  03  5- 

•1 H 

a3  (8 

* 

m 

* 

* 

CM 

X 

e 

0 

e  oi 

O10.O00003P 

IB 

3 

E 

rH  *H 

X 

CM 

* 

* 

^h 

X 

rO 

O 

i.  c 

c  c  o  o  o  o  c 

E 

0 

IB 

O  rH 

* 

fH 

X 

* 

*  1 

o 

* 

C  pH 

O  0 

O  rH  O  i-  O 

E 

4J 

•h  rcs 

* 

O 

* 

* 

cn 

* 

4-  rH 

HfOL+Jd)>Q.U 

o 

CO 

M- 

* 

cn 

* 

* 

oo 

X 

3 

4J 

E  c  l  p  re  a 

0 

4 

u 

* 

oo 

* 

X 

X 

rH 

4 

• 

•  -H  3  O  (8  rH  3  C 

\ 

IB 

0 

•  rH 

X 

X 

* 

VO 

X 

<D 

m 

4J  4J 

POuQ.3Q.03  O') — * 

C 

4J 

E  O 

X 

vo 

* 

* 

in 

X 

*H 

4J 

c  c 

X  0>  O  0)  Q.  03  |  -rl 

o 

•fH 

03 

3  -H 

X 

in 

* 

* 

«cr 

* 

U.CQKH 

POOC*OQOCnQ 

CQ 

o 

CJ  P 

X 

<t 

* 

* 

cn 

* 

• 

* 

cn 

* 

X 

CM 

X 

X 

CM 

* 

* 

r-* 

X 

* 

fH 

* 

* 

X 

X 

* 

* 

* 

* 

* 

* 

X 

X 

* 

X 

* 

X 

* 

X 

1c  * 

******** 

X 

X 

* 

*  *  * 

* 

* 

* 

X 

X 

* 

* 

* 

* 

iH 

CM 

cn 

^  ifl  kO 

CO 

cn  O 

t— icNmctinior^ao 

a* 

o 

*  t 

IN  fn  cf 

X 

* 

* 

* 

* 

* 

X 

X 

»— 1 

CM 

X 

X 

* 

X 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

X 

X 

* 

*  * 

******** 

* 

X 

* 

*  *  * 

* 

X 

* 

* 

* 

cm 

flYlVl' 


R 


g 


*  *  *  * 
*  *  *  * 
*  *  *  * 
*  *  *  * 
*  * 

*  «o* 

*  as  * 


******************* 

'-iMfO^iflvoNCOffiO^fMmsJ'invONOO 

******************* 


* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 


00  * 
r-  * 
sc  * 
in  * 
<t  * 
css  * 
CM  * 
•— <  * 
CM  O  * 
os  * 
oo  * 
cm  * 


css 

CM 


— '  * 
O  * 


X 

<T> 

* 

X 

co 

* 

x 

* 

x 

•o 

* 

X 

U"l 

* 

X 

<r 

* 

X 

m 

* 

X 

CM 

* 

X 

•  1 

* 

X 

* 

X 

* 

* 

* 

X 

* 

* 

* 

X 

* 

* 

* 

* 

SO  * 

. 

* 

in  * 

>\ 

* 

* 

4-> 

* 

m  * 

•d 

* 

CM  * 

rd 

* 

— >  * 

-d  Cm 

* 

so  O  * 

4-<  LlJ 

* 

os  * 

3  (- 

* 

CO  * 

a 

-  2 

* 

cm  * 

C 

>CUJ 

* 

VO  * 

o 

i.  o 

* 

in  * 

•rl 

44  -d  09 

* 

<■  * 

44 

C  4J  CO 

* 

on  * 

ID 

Ul  IS  0) 

* 

CM  * 

o 

"O  i- 

* 

— •  * 

•d 

«-d  a 

* 

mo* 

ic¬ 

4J  rd 

* 

O'  * 

'd 

Its  in  T3 

fH 

* 

oo  *  . 

<4 

O  3  C 

O 

* 

cm  * 

0) 

ns 

* 

so  * 

Q 

CD  CD 

. . 

01 

* 

in  * 

CD 

JZ  O!  CO 

01 

□ 

* 

*cr  * 

44  C  01 

o 

c 

* 

css  * 

c 

CO  -d 

c 

CD 

* 

cm  * 

o 

as  i.  s. 

01 

cm 

* 

~  * 

-d 

•d  44 

••  3 

* 

*=r  O  * 

44 

z>  i.  c 

oi  cr 

* 

os  * 

m 

Q  <11 

E  <u 

* 

oo  * 

T3 

SO 

CO  to 

* 

CM  * 

•d 

ai  a>  ai 

C 

* 

so  * 

rd 

4Jd  4J 

01 

* 

in  * 

as 

as  .a  as 

T3  44 

* 

«a  * 

Z> 

-a  as  -ri 

rd  OS 

* 

css  * 

a.  4J  i. 

01  "O 

* 

CM  * 

-w 

3  Q. 

■d  Q. 

* 

»d  * 

3 

>s  O 

U.  3 

a 

* 

css  O  * 

a 

01  <4-  i- 

3 

* 

OS  * 

c 

J3  -d  a 

* 

* 

OO  * 

HH 

o  a 

O 

* 

CM  * 

>i  a>  <o 

o 

* 

lO  * 

"O 

as  a 

rd 

* 

m  * 

rd 

E  co  « 

* 

*3"  * 

0) 

JZ 

01 

* 

CSS  * 

-d 

■o  O  4J 

rd 

* 

CM  * 

U- 

rd  d* 

XI 

* 

-s  * 

01  01 

10 

* 

CM  O  * 

•d  4£ 

d- 

* 

OS  * 

<4-  It 

* 

OO  * 

£ 

* 

CM  * 

CO 

* 

SO  * 

■d 

* 

m  * 

JZ 

* 

<=t  * 

1- 

*  * 


••  -C 

3  CT 

O  -rl 
—I  3T 


*  *  *  * 


*  * 

****** 

*  *  * 

Os  o 

d  CM  CTI  d  * 

*  *  * 

CM 

* 

*  *  * 

*  * 

****** 

*  *  * 

* 

* 

* 

00  O  * 

* 

crs  * 

* 

oo  * 

* 

CM  * 

* 

SO  * 

* 

m  * 

* 

«a  * 

* 

css  * 

* 

CM  * 

* 

— '  * 

* 

CM  o  * 

* 

as  * 

* 

oo  * 

* 

CM  * 

* 

SO  * 

* 

m  * 

3 

* 

c  * 

C 

* 

css  * 

01 

* 

CM  * 

E 

* 

r  * 

* 

so  O  * 

>s 

* 

as  * 

44 

* 

OO  * 

•d 

* 

CM  * 

rd 

* 

SO  * 

•d 

* 

in  * 

44 

* 

-a  * 

c 

3 

* 

css  * 

o 

* 

CM  * 

•r- 

01 

* 

-<  * 

4-> 

id 

* 

mo* 

as 

•d 

* 

as  * 

-o 

u_ 

* 

eo  * 

•T— 

* 

cm  * 

r— 

rd 

* 

so  * 

O 

* 

in  * 

> 

J- 

* 

•a  * 

44 

* 

css  * 

+-> 

c 

* 

CM  * 

3 

o 

* 

«-<  * 

CL 

CJ 

* 

sO-  O  * 

C 

* 

os  * 

>— « 

o 

* 

oo  * 

44 

* 

CM  * 

-O 

* 

so  * 

f— 

c 

* 

m  * 

a> 

s_ 

* 

•a  * 

*r- 

3 

* 

css  * 

Ll. 

44 

* 

CM  * 

at 

* 

rd  * 

i. 

* 

css  o  * 

• 

* 

Os  * 

o 

* 

ao  * 

<T> 

44 

* 

cm  * 

* 

SO  * 

zn 

SO 

* 

m  * 

*  4 

* 

•a  * 

Li- 

Li. 

* 

css  * 

O. 

* 

CM  * 

* 

d  * 

CO 

*  ' 

CM  o  * 

w 

* 

as  * 

o 

* 

oo  * 

5. 

* 

CM  * 

CL 

* 

SO  -r 

* 

m  * 

* 

* 

* 

CSS  * 

* 

CM  * 

* 

—  * 

*  ' 

— <  o  * 

* 

os  * 

* 

oo  * 

* 

CM  * 

* 

SO  * 

* 

m  * 

* 

c  * 

* 

CSS  * 

* 

CM  * 

* 

-4  * 

* 

* 

X  X 

*****; 

tc  *  * 

O  »-«  <N  on  <t  X  : 

(c  *  * 

<N 

X  2 

|C  *  * 

X  X 

X  X  X  X  X  2 

(C  *  * 

C112 


Modifications  to  the  Quantity  Project  Data  Pile: 

1.  Press  the  PF  key  opposite  Data  Entry,  in  this  example 
it's  PF  key  2  (figure  95). 

2.  The  computer  now  prompts  for  the  data  file  and  the 
control  file  as  shown  in  figure  96.  Type  in  the  items  shown  in  figure  97 
and  press  “enter". 

3.  The  data  entry  menu  is  now  on  the  monitor  (figure  98). 
To  Modify  a  record  in  the  file  press  PF  key  4. 

4.  The  next  screen  (figure  99)  must  now  be  completed.  The 
description  is  exactly  the  same  as  when  the  item  was  originally  entered 
into  the  data  file. 

5.  The  next  screen  displays  the  record  to  be  modified 
(figure  100).  All  the  items  can  now  be  changed  except  the  DESCRIPT 
field.  After  changes  are  made  press  "enter"  to  modify  the  file.  If 
"enter"  is  not  pressed  the  changes  are  not  made. 

6.  Press  PF  key  16  to  exit. 
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Deletion  of  Files  From  the  Quantity  Project  Data  File: 

1.  Repeat  steps  1  and  2  under  modifications  to  the  data 

2.  Press  PF  key  5  as  shown  in  figure  98  to  delete  records 
from  a  data  file. 

3.  The  next  screen  (figure  101)  is  very  similar  to  the 
screen  used  to  make  modifications.  Type  in  the  DESCRIPT  for  the  record  to 
be  deleted  and  press  "enter1*.  If  the  DESCRIPT  can  be  found  in  the  data 
the  record  will  be  deleted,  if  not,  a  message  will  appear  on  the  screen 
indication  "record  could  not  be  found". 

4.  Press  PP  key  16  to  exit. 
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Section  III:  EXPLANATION  OF  ESTIMATING  PROGRAMS 


Main  Estimating  Program 

The  main  program  prompts  the  user  for  several  inputs  and  creates  two 
project  files  for  each  design  project.  The  ESTIMATE  program  is  attached 
to  this  manual. 

Running  the  ESTIMATE  Program.  The  following  steps  are  used  when 
running  the  ESTIMATE  program. 

1.  Complete  the  quantity  take-off  for  the  project  and  note  the 
IICI  CODE  used  to  locate  a  particular  item  in  the  main  data  file. 

2.  Load  the  ESTIMATE  program  on  the  computer. 

3.  The  first  input  item  is  shown  in  figure  102.  Type  in  the 
items  shown  in  figure  103  to  complete  the  screen. 

4.  The  next  input  item  is  “UCI  MAJOR  DIVISION  CODE  (###)-". 

Type  in  the  UCI  numbers  used  for  the  item  in  the  main  data  file.  Press 
"enter”. 

5.  The  next  input  item  is  "CODE  SUB-DIVISION  AND  LINE  NUMBER 
(######)»".  Type  in  the  numbers  used  for  the  item  in  the  main  data  file. 

6.  The  computer  is  now  searching  the  main  data  file  for  the 
item.  If  the  item  cannot  be  found  a  message  will  appear  reading  “ITEM  NOT 
FOUND  IN  DATA"  "DO  YOU  WANT  TO  CHOOSE  ANOTHER  ITEM  <  Y  OR  N  )=".  To 
choose  another  item  type  in  Y  and  repeat  steps  3,  4,  and  5.  Type  N  to 
exit  the  program.  If  the  item  is  found  in  the  main  data  file  a  series  of 
lines  will  appear  on  the  monitor  describing  the  item  as  shown  in  figure 
107. 

7.  The  next  input  indicates  if  the  item  found  in  the  main  data 
file  is  correct  "IS  ABOVE  ITEM  CORRECT  (  Y  OR  N  /=".  If  the  item  is  not 
correct  type  N  and  repeat  steps  3,  4,  and  5.  If  the  item  is  correct  type 
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Y  and  press  “enter". 


8.  The  next  input  prompts  “DO  YOU  WISH  TO  WRITE  DATA  TO  ANOTHER 
FILE  (  Y  OR  N  )  OR  CONTINUE  TO  ADD  TO  AN  EXISTING  FILE  (AD)=‘\  The  first 
item  put  in  the  project  description  file  must  be  typed  in  as  a  Y,  any 
additional  items  are  typed  in  as  AD.  If  a  Y  is  used  ,  the  next  screen 
shown  in  figure  108  appears.  Type  in  the  file  name  of  the  project  and 
where  the  file  is  located  in  the  library.  If  an  AD  is  used  the  file  name 
and  library  will  already  be  inserted.  Type  in  a  N  to  exit  the  program. 

9.  The  next  screen  shown  in  figure  106  shows  what  the  existing 
file  the  data  is  being  transferred  from.  This  should  be  the  same  file  as 
noted  earlier  in  figure  103. 

10.  The  next  screen  is  verifing  where  the  data  is  to  be  placed 
(figure  107).  This  should  be  the  same  file  as  noted  earlier  in  figure  105. 

11.  The  next  input  prompts  "DO  YOU  WISH  TO  INSERT  QUANTITIES  ( 

Y  OR  N  )  (QUANTITIES  MUST  BE  ADDED  AT  THIS  TIME  FOR  CALCULATIONS  TO  BE 
UPDATED)^" .  Type  in  a  Y  to  continue  or  an  N  to  exit  the  program.  To  add 
quantities  into  a  project  file  a  Y  must  be  used. 

12.  The  next  input  item  is  "WHAT  IS  YOUR  QUANTITY  FOR  THIS 
IT£M=".  Type  in  the  estimated  quantity  and  be  sure  the  units  of  measure 
for  the  item  in  the  main  data  file  match  the  units  of  measure  taken  off 
the  drawings.  Type  in  numbers  only. 

13.  The  next  input  prompts  "DO  YOU  WISH  TO  WRITE  QUANTITIES  TO 
ANOTHER  FILE  (  Y  OR  N  )  OR  CONTINUE  TO  ADD  TO  AN  EXISTING  FILE  (AD)=“. 

The  first  item  put  in  the  project  quantity  file  must  be  typed  in  as  a  Y, 
any  additional  items  are  typed  in  as  AD.  If  a  Y  is  used,  the  next  screen 
shown  in  figure  111  appears.  Type  in  the  file  name  of  the  project 
(different  from  the  description  file)  and  where  the  file  is  located  in  the 
library.  If  an  AD  is  used  the  file  name  and  library  will  automatically  be 
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inserted  by  the  computer.  Type  in  a  N  to  exit  the  program. 

14.  The  next  screen  shown  in  figure  109  verifies  where  the  data 

is  placed. 

15.  The  next  prompt  is  “DO  YOU  WANT  TO  CONTINUE  (  Y  OR  N  )=" . 
Type  a  Y  to  repeat  program  for  all  items  found  in  the  project  of  type  a  N 
to  exit  the  program. 
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Fig  109.  Output  of  Quantity ’Verified 
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Conversion  of  Project  Files  to  Indexed  Files 

The  INDEXDES  and  INDEXQNT  programs  use  the  project  description  file 
and  the  project  quantity  file  respectively  to  create  an  index  file  for 
each.  This  enables  additions,  deletions,  or  modifications  to  the  files 
without  running  the  ESTIMATE  program.  The  INDEXDES  and  INDEXQNT  are 
located  in  the  Appendix  of  this  manual. 

Running  the  INDEXDES  Program.  The  following  steps  are  used  when 
running  the  INDEXDES  program. 

1.  Load  the  INDEXDES  program  on  the  computer. 

2.  The  first  screen  prompts  the  user  to  indicate  where  the 
input  file  is  located  (figure  110).  Fill  in  the  name  of  the  project 
description  file  created  during  the  ESTIMATE  program. 

3.  The  next  screen  prompts  for  the  output  file  (figure 
111).  Type  in  the  following:  FILE  =  "file  name",  IN  LIBRARY  =  "name 
library",  RECORDS  =  “1  -  150". 

4.  The  next  screen  verifies  the  output  file  (figure  112). 
This  should  be  the  same  information  as  noted  in  figure  111. 

5.  After  completing  the  program  the  screen  shown  in  figure 
113  appears.  Press  "enter"  to  exit  the  program. 

Running  the  INDEXQNT  Program.  Follow  the  same  steps  noted  above 
for  the  INDEXDES  program. 
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If  any  additions  or  deletions  to  the  project  files  are  made  a  sort 
must  be  accomplished  before  running  the  report  programs.  A  sort  will  put 
all  the  records  in  a  file  in  a  particular  order.  For  example,  when  adding 
a  record  to  the  project  file  that  record  is  added  at  the  end  of  the  file. 
The  report  program  keys  on  records  in  sequence  and  a  sort  will  put  all 
records  in  sequence. 

Running  the  SORT  Procedure. 

1.  Logon  the  the  system  using  standard  procedures. 

2.  The  logon  menu  indicating  the  PF  key  for  User  Program  is  now 
on  the  monitor.  Press  the  PF  key  opposite  User  Program,  in  thes  example 
it's  PF  key  12  (figure  114). 

3.  The  user  program  screen  shown  in  figure  115  is  now  on  the 
monitor.  Type  in  PROGRAM  =  SORT  and  press  "enter"  to  continue. 

4.  The  next  screen  shown  in  figure  116  prompts  for  the 
function.  Type  in  FUNCTION  =  SORT  and  press  "enter". 

5.  The  input  to  the  sort  function  is  now  typed  in.  Type  in  the 
name  of  the  file  and  the  library  of  the  file  to  be  sorted  in  the  places 
shown  in  figure  117  and  press  "enter". 

6.  The  next  screen  now  prompts  for  the  sort  keys  (figure  118). 
Complete  the  screen  as  shown  in  figure  119  and  press  "enter". 

7.  The  next  screen  now  prompts  for  the  output  file.  Type  in 
the  new  name  of  the  file  to  be  created  and  the  library  in  the  places  shown 
in  figure  120.  Press  "enter"  to  continue. 

8.  The  next  screen  shown  in  figure  121  will  appear  on  the 
monitor.  In  the  lower  left  corner  is  a  message  indicating  the  sort 
program  was  completed. 

9.  Press  PF  key  16  to  logoff  the  system. 
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The  DESCRIPT  and  QUANTITY  programs  use  the  sorted  files  produced 
during  the  SORT  procedure.  Each  report  has  different  information.  A 
sample  of  each  report  is  shown  in  figures  12 2  thre  124.  The  DESCRII’T  and 
QUANTITY  programs  are  located  in  the  Appendix  of  this  manual. 

Running  the  DESCRIPT  Program.  The  following  steps  are  used  when 
running  the  DESCRIPT  program. 

1.  Load  DESCRIPT  program  on  the  computer. 

2.  The  first  screen  to  appear  will  prompt  for  the  input  file 
(figure  125).  Type  in  the  name  of  the  file  to  be  printed  and  the  library 
it  is  located  in  and  press  "enter". 

3.  The  next  screen  shown  in  figure  126  is  verifing  the  input 
file.  The  items  should  be  the  same  as  noted  in  step  2.  Press  "enter  to 
continue. 

4.  The  program  will  prompt  for  the  project  name  next.  Limit 
the  project  name  to  30  characters  and  press  "enter". 

5.  The  program  now  prompts  for  the  project  number.  Limit  l ho 
project  number  to  15  characters  and  press  "enter". 

6.  The  program  is  now  generating  a  description  report  similar 
to  figure  122.  The  report  is  automatically  sent  to  the  printer.  When  (tie 
program  is  finished  a  prompt  will  appear  indicating  “end  of  program", 
press  "enter"  to  exit  the  program. 

Running  the  QUANTITY  Program.  The  following  steps  are  used  when 
running  the  QUANTITY  program. 

1.  Load  the  QUANTITY  program  on  the  computer. 

2.  Follow  steps  2  -  6  of  the  DESCRIPT  program. 

3.  In  addition  to  the  quantity  report  a  project  summary  page  is 
printed  last.  The  items  shown  on  the  monitor  (figure  127)  indicate  tie* 


factors  and  the  default  values  if  nothing  is  changed.  If  the  factors  aro 
nodified  type  in  a  "Y"  and  press  “enter".  If  no  change  is  needed  t y p>-»  a 


"N"  and  press  "enter". 

4.  If  a  "Y"  was  used  in  step  3  all  the  factors  must  have  a 
value  typed  in  after  each  prompt  and  press  "enter"  (see  figure  ]?8).  Typo 
in  the  decimal  equivalent  of  the  percentage  used. 

5.  After  all  factors  are  modified  or  after  a  "N"  was  typed  in 
step  3  a  prompt  will  appear  on  the  screen  indicating  if  more  factors  wish 
to  be  added.  Type  in  a  "Y"  for  yes  and  a  "N"  for  no  (see  figure  178). 

6.  If  more  factors  are  needed  the  program  will  prompt  for  the 
name  of  the  factor  (limmit  to  30  characters)  and  the  percent  of  the 
factor.  Enter  the  decimal  equivalent  of  the  percentage  and  continue.  A 
possibility  of  four  additional  factors  can  be  added  in  this  section  (see 
f i gure  129) . 

7.  The  project  summary  is  automatically  sent  to  the  printer. 
When  the  program  is  complete  a  message  will  appear  indicating  "end  of 
program".  A  sample  project  summary  report  is  shown  in  figure  174. 
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128.  Modified  Factors 
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Fig  129.  Additional  Factors 


APPENDIX  A:  ESTIMATE  PROGRAM 


OOOIOO  *************************************************************** 
000200  *  THIS  PROGRAM  WILL  FIND  DATA  FROM  A  DATA  FILE  BASED  ON  UCi 

000300  *  CODE  AND  CALCULATE  FINAL  COSTS  BASED  ON  QUANTITY  INPUTS. 

000400  *  A  REPORT  CAN  BE  GENERATED  WHICH  INCLUDES  QUANTITIES  AND 

000500  *  FINAL  COSTS  USING  THE  QUANTITY  PROGRAM.  THIS  PROGRAM  IS 

000600  *  STEP  ONE  OF  A  SERIES  TO  GENERATE  COSTS  FOR  A  PROJECT. 

000700  *************************************************************** 
000800  * 

000900  *************************************************************** 
001000  *  HOW  TO  USE  THIS  PROGRAM: 

001100  *  Step  1  -  Complete  the  quantity  take-off  for  the  project 

001200  *  and  note  the  UCI  CODE  used  to  locate  a  particular 

001300  *  item  from  the  data  base. 

001400  *  Step  2  -  Run  the  ESTIMATE  PROGRAM.  During  this  phrase  a 

001500  *  separate  file  is  established  based  on  the  project 

001600  *  data  in  Step  1.  The  program  will  prompt  the  user 
001700  *  for  specific  input  items.  After  all  items  have 
001800  *  been  entered  for  the  project  exit  the  program. 

001900  *  Step  3  -  Run  the  Wang  Utility  SORT  on  the  quantity  file 

002000  *  created  in  Step  2.  One  screen  will  ask.  for 

002100  *  "Please  specify  Sort/Herge  keys:".  Complete 

002200  *  the  screen  as  follows: 

002300  *  Key  1:  POST1  =  0001  LENGTH1  =  003  TYPE  --  P 

002400  *  Key  2:  POST2  =  0004  LENGTH2  =  007  TYPE  -  P 

002500  *  The  next  screen  will  prompt  for  an  output  file. 

002600  *  Specify  the  same  quantity  file  created  in  Step  2 

002700  *  and  for  the  REPLACEoption  type  in  YF.S.  The 

002800  *  file  is  now  in  ascending  order  based  on  UCI  CODE. 

002900  *  Step  4  -  Run  the  QUANTITY  PROGRAM  to  generate  a  report  on 
003000  *  quantities  and  costs  for  the  project  using  the 

003100  *  quantity  file  created  in  Step  3  as  input. 

003200  *  Step  5  -  Repeat  Steps  3  and  4  for  the  Description  file. 

003300  *  Step  6  -  Run  the  DESCRIPT  PROGRAM  to  generate  a  detailed 

003400  *  description  of  items  used  on  the  project.  This 

003500  *  report  will  not  give  total  costs  for  the  project. 

003600  *************************************************************** 
003700  * 

003800  DIM  DES*  40 
003900  E  =  0 
004000  UCI  =  0 
004100  CODE  =  0 
004200  OUT  =  0 
004300  EQ  =  0 
004400  HATL  =  0 
004500  LAB  =  0 
004600  BCOS  =  0 
004700  TOT  =  0 
004800  * 

004900  SELECT  #1,  "ESTIMATE",  INDEXED,  RECSIZE=150,  KKYPOS=4,  KEYI.KN  7 


005000  EOD  GO  TO  11400 

005100  SELECT  #2,  "DESCRIPT" ,  VAR.CONSEC,  RECSIZE=1S0 
005200  SELECT  //3 ,  “QUANTITY",  VAR.CONSEC,  RECSIZE=150 
005300  * 

005400  OPEN  /n,  INPUT 
005500  * 

005600  INPUT  “UCI  MAJOR  DIVISION  CODE  Utttit)  =  “ ,  UC 

005700  INPUT  “CODE  SUB-DIVISION  AND  LINE  NUMBER  ( //////// ////// )  -  COD 

005800  * 

005900  READ  #1,  USING  6100,  UCI,  CODE,  DESS,  CREWS,  OUT,  UN1T$,EQ,  MAT!., 
006000  LAB,  BCOS ,  TOT 

006100  FMT  COL(l) ,  PD<5),  C0L(4)  ,PD(13)  ,C0L(11)  ,CH(40)  ,  CH(5),  C0LC..6), 
006200  PD(9 ) ,CH( 5 ) ,COL( 66 ) ,PD(10 , 2 ) ,  COL(72) ,PD(10,2> ,  COL( 78 > , PD( ] 0 , 2 ) , 
006300  COL( 84 ) ,  PD<10,2),  COL<90),  PD(10,2) 

006400  IF  UC  =  UCI  AND  COD  =  CODE  THEN  6700  ELSE  6500 
006500  GO  TO  5900 
006600  * 

006700  PRINT  “UCI", UCI,  "CODE", CODE 
006800  PRINT  “  " 

006900  PRINT  USING  7000,  "DESCRIPTION" ,DES$ 

007000  FMT  CH(40) 

007100  PRINT  “  " 

007200  PRINT  "CREWSIZE",  "OUTPUT".  "UNITS" 

007300  PRINT  CREWS,  OUT,  UNITS 

007400  PRINT  "  “ 

007500  PRINT  "EQUIPMENT",  "MATERIAL",  "LABOR" 

007600  PRINT  EQ.  ,  MATL,  LAB 

007700  PRINT  “  " 

007800  PRINT  "BARECOST",  "TOTAL  O&P" 

007900  PRINT  BCOS,  TOT 

008000  PRINT  “  " 

008100  CLOSE  #1 
008200  * 

008300  INPUT  "IS  ABOVE  ITEM  CORRECT  (  Y  OR  N  }=”,  HS 
008400  IF  HS  =  "Y"  THEN  GO  TO  8700 

008500  IF  HS  =  "N"  THEN  GO  TO  5400 

008600  * 

008700  INPUT  "DO  YOU  WISH  TO  WRITE  DATA  TO  ANOTHER  FILE  (  Y  OR  N  )  OR 

008800  CONTINUE  TO  ADD  TO  AN  EXISTING  FILE  {  AD  )=",  C$ 

008900  IF  CS  =  "Y"  THEN  GOSUB  12800 

009000  IF  CS  =  "N"  THEN  GO  TO  11000 

009100  IF  CS  =  "AD"  THEN  GOSUB  13100 
009200  * 

009300  INPUT  "DO  YOU  WISH  TO  INSERT  QUANTITIES  (  Y  OR  N  )  (  QUANTITIES 

009400  MUST  BE  ADDED  AT  THIS  TIME  FOR  CALCULATIONS  TO  BE  UPDATED  )  ",  D$ 

009500  IF  DS  =  "Y"  THEN  GO  TO  9800 

009600  IF  DS  =  "N"  THEN  GO  TO  11000 

009700  * 

009800  INPUT  “WHAT  IS  YOUR  QUANTITY  FOR  THIS  ITEH= " ,  E 

009900  TBCOS  =  E  *  BCOS 

010000  TTOT  =  E  *  TOT 

010100  TBCOS  =  ROUND (TBCOS, 2) 

010200  TTOT  =  ROUND (TTOT, 2) 
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010300  * 

010400  INPUT  "DO  YOU  WISH  TO  WRITE  QUANTITIES  TO  ANOTHER  FILE  (  Y  OR  N  )! 
010500  OR  CONTINUE  TO  ADD  TO  AN  EXISTING  FILE  (  AD  )=“,  F$ 

010600  IF  F$  =  “Y”  THEN  GOSUB  14700 

010700  IF  F$  =  "N"  THEN  GO  TO  11000 

010800  IF  F$  =  "AD"  THEN  GOSUB  15000 
010900  * 

011000  INPUT  “DO  YOU  WANT  TO  CONTINUE  (  Y  OR  N  )  =  ”,  AS 
011100  IF  AS  =  "Y”  THEN  GO  TO  5400 

011200  IF  AS  =  "N"  THEN  GO  TO  12000 

011300  * 

011400  CLOSE  //I 

011500  PRINT  "ITEM  NOT  FOUND  IN  DATA" 

011600  INPUT  "DO  YOU  WANT  TO  CHOOSE  ANOTHER  ITEM  (  Y  OR  N  )  =  ",  JS 
011700  IF  JS  =  “Y"  THEN  GO  TO  5400 

011800  IF  JS  =  "N”  THEN  GO  TO  12000 

011900  * 

012000  PRINT  "END  OF  PROGRAM,  PRESS  ENTER  TO  EXIT" 

012100  STOP 
012200  * 

012300  END 
012400  * 

012500  **********  SUB-ROUTINE  TO  WRITE  AND  ADD  TO  A  FILE  **************** 
012600  *  THIS  SUB-ROUTINE  CREATES  THE  DESCRIPTION  FILE  * 

012700  ****************************************************************** 
012800  OPEN  1t2,  OUTPUT 
012900  CLOSE  //2 
013000  * 

013100  OPEN  itl,  INPUT 
013200  OPEN  //2,  10 

013300  WRITE  //2,  USING  ! 

013400  13600.UCI,  CODE,  DESS,  CREWS,  OUT,  UNITS, EQ,  MATL,  ! 

013500  LAB,  BCOS ,  TOT 

013600  FHT  COL(l),  PD(5),  C0L(4) ,PD<13) ,C0L(11) ,CH(40) ,  CH(5),  COL(56),  ! 
013700  PD(9) ,CH(5) , COL (66) , PD (10, 2) ,  COL( 72 ) , PD< 10 , 2 ) ,  COL< 78 ) , PD( 10 , ? ) ,  ! 
013800  C0L(84),  PD(10,2),  C0L(90) ,  PD(10,2) 

013900  * 

014000  CLOSE  if 2 
014100  CLOSE  itl 
014200  RETURN 
014300  * 

014400  **********  SUB-ROUTINE  TO  WRITE  QUANTITIES  TO  A  FILE  ************* 
014500  *  THIS  SUB-ROUTINE  CREATES  THE  QUANTITY  FILE  * 

014600  ****************************************************************** 
014700  OPEN  if 3 ,  OUTPUT 
014800  CLOSE  #3 
014900  * 

015000  OPEN  //3 ,  10 

015100  WRITE  tt3,  USING  15300,  UCI ,  CODE,  DESS,  CREWS,  OUT,  E,  UNITS,  ! 
015200  BCOS,  TOT,  TBCOS,  TTOT 

015300  FMT  C0L(1),PD(5),  COL( 4 ) , PD(13 ) ,  COL(ll) ,CH(40) ,  CH(5),  COLCjG),  ! 
015400  PD(  9 ) ,  COM  61 ) ,  PD( 9 ) ,  COL{ 66 ) ,CH( 5 ) ,  COL(  71 )  ,  PD(  10 , 2  )  ,  COM  7  / )  ,  ! 

015500  PD( 10 , 2 ) ,  C0L(33) ,PD(14,2) ,  COL( 91 ) , PD( 14 , 2 ) 

Cl  59 


015600  * 

015700  CLOSE  #3 
015800  RETURN 
015900  * 

016000  *********************  END  OF  PROGRAM  **************************** 
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APPENDIX  B:  CONVERT  DESCRIPTION  FILE  TO  INDEX  FILE  PROGRAM 


***********************************************  ************  ******* 

*  THIS  PROGRAM  TAKES  THE  DESCRIPTION  FILE  CREATED  IN  THE  * 

*  ESTIMATE  PROGRAM  AND  MAKES  IT  A  VARIABLE-LENGTH  INDEXED  * 

*  FILE  WITH  A  KEY  FIELD  =  DESCRIPT.  ONCE  THE  INDEXED  * 

*  FILE  IS  CREATED  DELETIONS,  ADDITIONS  AND  MODIFICATIONS 

*  CAN  BE  MADE  WITHOUT  RUNNING  THE  ESTIMATE  PROGRAM.  * 

****************************************************************** 


DIM  DES$  40 
UCI  =  0 
C0DE=0 
EQ=0 
HATL=0 
LAB=0 
BC0S=0 
TOT=0 
* 

SELECT  #1,  "INPUT",  VAR.CONSEC,  RECSIZE=150,  EOD  GO  TO  NODATA 
SELECT  //2 ,  "INDEX",  VAR. INDEXED,  RECSIZE=150,  KEYP0S=11 ,  KEYLKN=40 
* 

OPEN  n,  INPUT 
OPEN  U2 ,  OUTPUT 
CLOSE  // 2 
OPEN  //2 ,  10 
* 

GETLIST: 

READ  ttl,  USING  2900,  UCI,  CODE,  DES$,  CREW$ ,  OUT,  UNITS,  EQ.MATL,  ! 
LAB , BCOS , TOT 

FMT  COL( 1 ) , PD( 5 ) ,COL( 4 ) ,PD( 13 ) , COL ( 11 ) ,CH( 40) , CH( 5 ) ,  C0L(56),  ! 

PD( 9 ) , CH ( 5 ) , COL ( 66 ) , PD( 10 , 2 ) ,  COL( 72 ) , PD{ 10 , 2 ) ,  COL( 7  8 ) , PD( 10 , 2 ) , ! 
COL( 84 ) ,PD(10,2) ,  COL(90) ,PD(10,2) 

**********************************************************  ******** 


*  THE  FOLLOWING  ITEMS  ARE  FOR  CHECKING  THE  PROGRAM  AND  ARE  NOT 

*  NEEDED  ONCE  THE  PROGRAM  IS  DEBUGGED.  PUT  AN  (*)  AT  THE 

*  BEGINNING  OF  EACH  LINE  FOR  THE  PROGRAM  TO  SKIP  OVER  THE  COOK. 


•PRINT 

•PRINT 

"UCI", UCI, 

"CODE", CODE 

•PRINT  USING  2500, 
•FMT  CH ( 40 ) 

•PRINT 

"DESCRIPTION 

"  ,DES$ 

•PRINT 

"CREWSIZE", 

"OUTPUT" , 

"UNITS" 

•PRINT 

•PRINT 

CREWS , 

OUT, 

UNITS 

•PRINT 

"EQUIPMENT" 

,  "MATERIAL", 

"LABOR 

•PRINT 

•PRINT 

EQ, 

MATL, 

LAB 
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005000  ‘PRINT  "BARECOSTS" ,  "TOTAL  O&P" 

005100  ‘PRINT  BCOS ,  TOT 

005200  ‘PRINT 

005300  ‘STOP  "PRESS  ENTER  TO  CONTINUE" 

005400  * 

005500  ************************************************ **** ************* 
005600  * 

005700  WRITE  //2,  USING  5900,  UCI,  CODE,  DES$ ,  CREW$,OUT,  UNIT$,EQ,  HAT!., 
005800  LAB,  BCOS,  TOT 

005900  ENT  COL( 1 ) , PD( 5 ) ,COL( 4) , PD(13 ) , C0L(11 ) , CU( 40 ) , CH ( 5 ) ,  COL(56), 
006000  PD(9 ) ,CH( 5 ) , COL ( 66 ) ,PD(10 , 2 ) ,  COL( 72 ) , PD( 10 , 2 ) ,  C0L( 78 ) ,PD( 10 , 2 ) , 
006100  COL (84) , PD (10, 2) ,  COL(90) ,PD(10,2) 

006200  GO  TO  GET_LIST 
006300  * 

006400  NODATA: 

006500  CLOSE  it 1 
006600  CLOSE  #2 
006700  * 

006800  PRINT  "END  OF  PROGRAM,  PRESS  ENTER  TO  EXIT" 

006900  STOP 
007000  * 

007100  END 

007200  *************************  END  OF  PROGRAM  ************************ 


APPENDIX  C:  CONVERT  QUANTITY  FILE  TO  INDEXED  FILE  PROGRAH 


000100  a*********************************************'****'********#****** 
000200  *  THIS  PROGRAM  TAKES  THE  QUANTITY  FILE  CREATED  IN  THE  * 

000300  *  ESTIMATE  PROGRAM  AND  MAKES  IT  A  VARIABLE-LENGTH  INDEXED 

000400  *  FILE  WITH  A  KEY  FIELD  =  DESCRIPT.  ONCE  THE  INDEXED  * 

000500  *  FILE  IS  CREATED  DELETIONS,  ADDITIONS  AND  MODIFICATIONS  * 

000600  *  CAN  BE  MADE  WITHOUT  RUNNING  THE  ESTIMATE  PROGRAM.  * 

000700  ****************************************************************** 
000800  * 

000900  DIM  DES$  40 
001000  E=0 
001100  UCI=0 
001200  C0DE=0 
001300  BC0S=0 
001400  T0T=0 
001500  TBC0S=0 
001600  TT0T=0 
001700  * 

001800  SELECT  #1,  "INPUT" ,  VAR.CONSEC,  RECSIZE=150,  EOD  GO  TO  NO_DATA 
001900  SELECT  //2 ,  "INDEX",  VAR, INDEXED,  RECSIZE=150,  KEYP0S  =  11 ,  KEYLKN=  40 
002000  * 

002100  OPEN  #1,  INPUT 
002200  OPEN  #2,  OUTPUT 
002300  CLOSE  //2 
002400  OPEN  #2,  10 
002500  * 

002600  GETLIST: 

002700  READ  #1 ,  USING  2900,  UCI ,  CODE,  DES$,  CREW$,  OUT,  E.  UN1T$,  ! 

002800  BCOS ,  TOT,  TBCOS ,  TTOT 

002900  FMT  COL( 1 ) , PD< 5 ) , COL< 4 ) ,PD( 13 ) ,COL( 11 ) ,CH ( 40 ) , CH ( 5 ) ,  COL(56>,  ! 

003000  PD(9),  C0L(61) ,PD(9) ,  COL{ 66 ) ,CH( 5 ) , COL( 71 ) , PD( 10 , 2 ) ,  COL(77),  ! 

003100  PD( 10 , 2 ) ,  COL( 83 ) , PD{14 , 2 ) ,  COL( 91 ) ,PD( 14 , 2 ) 

003200  * 

003300  ♦  ****♦♦*♦**************************************'*'*'****'************ 
003400  * 

003500  *  THE  FOLLOWING  ITEMS  ARE  FOR  CHECKING  THE  PROGRAM  AND  ARE  NOT 
003600  *  NEEDED  ONCE  THE  PROGRAH  IS  DEBUGGED.  PUT  AN  (*)  AT  THE 
003700  *  BEGINNING  OF  EACH  LINE  FOR  THE  PROGRAH  TO  SKIP  OVER  THE  CODE. 


003800 

003900 

004000 

* 

♦PRINT 

♦PRINT 

"UCI", UCI, 

"CODE", CODE 

004100 

004200 

004300 

♦PRINT  USING  4100, 
♦FMT  CH( 40 ) 

♦PRINT 

"DESCRIPTION 

",DES$ 

004400 

♦PRINT 

"CREWSIZE", 

"OUTPUT" , 

"QUANTITY" , 

"UNITS" 

004500 

004600 

♦PRINT 

♦PRINT 

CREW$ , 

OUT, 

E, 

UN1T$ 

004700 

♦PRINT 

"BARECOST", 

"TOTAL"  , 

"TOTAL  BARECOST" ,  "TOTAL  06, P 

004800 

004900 

♦PRINT 

♦PRINT 

BCOS, 

TOT, 

TBCOS, 

TTOT 

005000  *ST0P  "PRESS  ENTER  TO  CONTINUE" 

005100  * 

005200  *************************************************************** 
005300  * 

005400  WRITE  //2 ,  USING  5600,  UCI,  CODE,  DES$,  CREW$ ,  OUT,  E,  UNIT$, 
005500  BCOS ,  TOT,  TBCOS,  TTOT 

005600  FMT  COL( 1 ) , PD( 5 ) ,C0L(4) ,PD( 13 ) , C0L(11 ) ,CH( 40 ) , CH ( 5 ) ,  COL<56), 
005700  PD( 9 ) ,  COL( 61 ) , PD( 9 ) ,  C0L( 66 ) , CH ( 5 ) ,  COL{ 71 ) , PD( 10 , 2 ) ,  COL(77), 
005800  PD(10 , 2) ,  COL(83) ,PD(14,2) ,  COL( 91 ) ,PD(14 , 2 ) 

005900  GO  TO  GET_LIST 
006000  * 

006100  NODATA : 

006200  CLOSE  //I 
006300  CLOSE  /72 
006400  * 

006500  PRINT  "END  OF  PROGRAM,  PRESS  ENTER  TO  EXIT" 

006600  STOP 
006700  * 

006800  END 

006900  ************************  END  OF  PROGRAM  *********************** 
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APPENDIX  D:  DESCRIPTION  REPORT  PROGRAM 


OOOIOO  ******************************************************1****** *«***« 
000200  *  THIS  PROGRAM  IS  TO  BE  USED  IN  CONJUNCTION  WITH  THE  * 

000300  *  ESTIMATE  PROGRAM  TO  GENERATE  A  DESCRIPTION  REPORT  IN  * 

000400  *  ASCENDING  ORDER  BASED  ON  UCI  CODE.  * 

000500  ********'**********'*********** *************************** «****t**** 
000600  * 

000700  DIM  DES$40 
000300  DIM  K$30 
000900  DIH  L$15 
001000  UCI=0 
001100  CODE=0 
001200  EQ=0 
001300  MATL=0 
001400  LAB=0 
001500  BC0S=0 
001600  TOT=0 
001700  * 

001800  SELECT  #1,  "INPUT",  CONSEC,  RECSIZE=150,  EOD  GO  TO  NO_DATA 
002000  * 

002100  OPEN  Itl,  INPUT 
002200  CLOSE  #1 
002300  ' 

002400  PRINT  "NEXT  ENTER  PROJECT  NAME,  LIMIT  30  CHARACTERS" 

002500  INPUT  "ENTER  PROJECT  NAME:",  KJ 

002600  PRINT  "NEXT  ENTER  PROJECT  NUMBER,  LIMIT  15  CHARACTERS" 

002700  INPUT  "ENTER  PROJECT  NUMBER:",  L$ 

002800  * 

002900  SELECT  PRINTER 
003000  * 

003100  PRINT  PAGE 

003200  PRINT  "PROJECT  NAME:  ",  K$ 

003300  PRINT  "PROJECT  NUMBER:  ",  L$ 

C03400  PRINT 

003500  PRINT  "*************************************************'**’!'******  r 

003600  ****  *  *******************************************  **************  iv  ****  t 

003700  ******" 

003800  PRINT  "*  ! 

003900  ! 

004000  *" 

004100  PRINT  "*  •  DESCRIPTION  RESORT  ! 

004200  ! 

004300  *" 

004400  PRINT  "*  ! 

004500  ! 

004600  *" 

004700  PRINT  “*******************************************■*******’*******'*1 
004800  ********************************■************'****'*********#****'**'*} 
004900  ******" 

005000  PRINT 


005100  PRINT  USING  5300,  "UCI  CODE*’ ,  "DESCRIPTION",  "CREW",  “OUTPUT",  ! 
005200  “UNITS".  "EQUIP",  "MATL",  “LABOR",  "BARECOST",  "TOTAL  O&P" 

005300  KMT  C0L(2) , CH(8) ,  C0L(26) ,CH(11) ,  COL(56) ,CH(4) ,  COL(63) ,CH(6) ,  ! 

005400  C0L(71) ,CH(5>,  COL(78) ,CH(5 ) ,  C0L(88) ,CH(4) ,  COL( 97 ) ,CH ( 5 ) ,  ! 

005500  C0L(104),CH{8),  C0L(114) ,CH{9 ) 

005600  PRINT 
005700  * 

005800  OPEN  #1,  10 
005900  GET_LIST: 

006000  READ  #1,  USING  6200,  UCI .CODE, DESS .CREWS .OUT, UNITS . EQ, MATL, LAR ,  ! 
006100  BCOS.TOT 

006200  FMT  C0L{1) ,PD(5) ,C0L{4) ,PD(13) ,C0L(11) ,CH(40) ,  CH ( 5 ) ,  COL(56),  ! 

006300  PD(9) ,  CH(5) , COL (66) ,PD(10,2) ,COL(72) , PD {10, 2) , COL (78) , PD (10, 2) ,  » 
006400  C0L(84) ,PD(10,2) ,  COL(90) ,PD(10,2) 

006500  IF  UCI  =  20  THEN  GO  TO  8100 

006600  IF  UCI  =  30  THEN  GO  TO  8100 

006700  IF  UCI  =  40  THEN  GO  TO  8100 

006800  IF  UCI  =  50  THEN  GO  TO  8100 

006900  IF  UCI  =  60  THEN  GO  TO  8100 

007000  IF  UCI  =  70  THEN  GO  TO  8100 

007100  IF  UCI  =  80  THEN  GO  TO  8100 

007200  IF-  UCI  =  90  THEN  GO  TO  8100 

007300  IF  UCI  =  100  THEN  GO  TO  8100 

007400  IF  UCI  =  110  THEN  GO  TO  8100 

007500  IF  UCI  =  120  THEN  GO  TO  8100 

007600  IF  UCI  =  130  THEN  GO  TO  8100 

007700  IF  UCI  =  140  TflEN  GO  TO  8100 

007800  IF  UCI  =  150  THEN  GO  TO  8100 

007900  IF  UCI  =  160  THEN  GO  TO  8100 

008000  GO  TO  8300 
008100  PRINT 
008200  * 

008300  PRINT  USING  8500,  UCI, CODE, DESS, CREWS, OUT, UNITS, EQ, MATL, LAR,  ! 

008400  BCOS.TOT 

008500  FMT  PIC( ###)  ,PIC(######f)  ,C0L{13 )  ,CH( 40)  ,COL( 56  ) , CH ( 5 )  ,C0L(64 ) ,  ! 

008600  PIC<#####)  ,COL( 72)  ,CH(5)  ,C0L(78)  ,PIC (####.##)  ,COL(87)  ,  ! 

008700  PIC Ufttttlt.M), COL (96)  , PIC (####.##)  ,COL(105 )  ,PIC UHHM.iHt)  ,C0L(114) ,  ! 
008800  PIC  (MW//.#//) 

008900  GO  TO  GET_LIST 
009000  * 

009100  NO_DATA: 

009200  CLOSE  #1 
009300  * 

009400  SELECT  WS 

009500  PRINT  "END  OF  PROGRAM,  PRESS  ENTER  TO  EXIT" 

009600  STOP 
009700  * 

009800  END 

009900  ***********************  END  OF  PROGRAM  *************************** 
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APPENDIX  E:  QUANTITY  REPORT  PROGRAM 


000100  fc*******************************'********************************** 

000200  *  THIS  PROGRAM  IS  TO  BE  USED  IN  CONJUNCTION  WITH  THE  * 

000300  *  ESTIMATE  PROGRAM  TO  GENERATE  A  QUANTITY  REPORT  IN  * 

000400  *  ASCENDING  ORDER  BASED  ON  UCI  CODE.  * 

000500  *******'*********'***#*****#**«***#************#***#*******#*****'*** 
000600  * 

000700  DIM  DES$40 
000800  DIM  K$30 
000900  DIM  L$15 
001000  DIM  D$1 
001100  DIM  F$1 
001200  DIM  ADDA$30 
001300  DIM  ADDB$30 
001400  DIM  ADDE$30 
001500  DIM  ADDD$30 
001600  * 

001700  UCI=0 
001800  C0DE=0 
001900  0UT=0 
002000  E=0 
002100  BCOS=0 
002200  TOT=0 
002300  TBCOSI=0 
002400  TTOTI=0 
002500  TB1=0 
002600  TB2=0 
002700  TB3=0 
002800  TB4=0 
002900  TB5=0 
003000  TB6=0 
003100  TB7=0 
003200  TB8=0 
003300  TB9=0 
003400  TB10=0 
003500  TB11=0 
003600  TB12=0 
003700  TB13=0 
003800  TB14=0 
003900  TB15=0 
004000  TB16=0 
004100  * 

004200  SELECT  #1,  "INPUT",  CONSEC,  RECSIZE=150,  EOD  GO  TO  NO_DATA 
004300  * 

004400  OPEN  #1,  INPUT 
004500  CLOSE  01 
004600  * 

004700  PRINT  "NEXT  ENTER  PROJECT  NAME,  LIMIT  TO  30  CHARACTERS” 

004800  INPUT  "ENTER  PROJECT  NAME:",  K* 

004900  PRINT  "NEXT  ENTER  PROJECT  NUMBER,  LIMIT  TO  15  CHARACTERS" 

005000  INPUT  "ENTER  PROJECT  NUMBER:",  L$ 

005100  * 
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005200  SELECT  PRINTER 
005300  * 

005400  PRINT  PAGE 

005500  PRINT  "PROJECT  NAME:  ",  K$ 

005600  PRINT  "PROJECT  NUMBER:  ",  L$ 

005700  PRINT 

005800  PRINT  '•*****************'****'*'*'**'*'**'**'**'*'****'****'*****************  t 
005900  ********************************«********************************) 


006000  ******" 

006100  PRINT  "*  ! 
006200  ! 
006300  *" 

006400  PRINT  "*  QUANTITY  TAKE-OFF  REPORT  ! 
006500  ■  ! 
006600  *" 

006700  PRINT  “*  ! 
006800  ! 
006900  *" 


007000  PRINT  u **************************************** ****************** J 
007100  ****************************’****'*************************'********] 
007200  ****«*•• 

007300  PRINT 

007400  PRINT  USING  7700,  "UCI-CODE",  “DESCRIPTION",  "CREW",  "DAILY",  ! 

007500  “QUANTITY",  "UNITS",  "BARE  UNIT",  "TOTAL  UNIT",  "TOTAL  BARE",  ! 

007600  "TOTAL  COSTS" 

007700  FMT  C0L(2) ,CH(8) ,  C0L(15 ) ,CH(11 ) ,  C0L(54) ,CH(4) ,  C0L(60> ,CH(5) ,  ! 

007800  COL<67) ,CH(8),  C0L(76)  ,CH(5) ,  COL{82)  ,CH(9) ,  COL(92>  ,CH(10> ,  ! 

007900  C0L(104) ,CH(10) ,  C0L(117) ,CH(11) 

008000  * 

008100  PRINT  USING  8300,  "SIZE",  "OUTPUT" , "COSTS" , "INC .  0  &  P" ,  "COSTS",! 
008200  "INC.  0  &  P" 

008300  FMT  COL(54) ,CH(4) ,  COL(60) ,CH(6) ,  C0L(84) ,CH(5 > ,  C0L(92) ,CH(10) ,  ! 
008400  C0L(107 ) ,CH(5) ,  C0L(117 ) ,CH(10) 

008500  PRINT 
008600  * 

008700  OPEN  #1,  10 
008800  GET^LIST: 

008900  READ  #1,  USING  9100,  UCI,  CODE,  DES$,  CREWS,  OUT,  E,  UNITS,  BCOS , ! 
009000  TOT , TBCOS , TTOT 

009100  FMT  COL( 1 ) ,PD(5 ) , C0L( 4 ) , PD< 13 ) ,C0L( 11 ) ,CH { 40) , CH ( 5 ) ,  COL{56),  ! 

009200  P0(9 ) ,C0L(61 } ,P0(9) ,COL<66 ) ,CH(5 ) ,  COL< 71 ) ,PD(10, 2 ) ,  COL{77),  ! 

009300  PD( 10 , 2 ) ,  COL (83) , PD (14, 2) ,C0L(91) , PD <14, 2) 

009400  TBC0SI-TBC0S+TBC0S1 
009500  TTOTI=TTOT+TTOTI 


009600 

IF 

UCI 

10 

AND 

UCI 

20 

THEN 

GO 

TO 

11300 

009700 

IF 

UCI 

20 

AND 

UCI 

30 

THEN 

GO 

TO 

11300 

009800 

IF 

UCI 

30 

AND 

UCI 

40 

THEN 

GO 

TO 

11300 

009900 

IF 

UCI 

40 

AND 

UCI 

50 

THEN 

GO 

TO 

11300 

010000 

JF 

UCI 

50 

AND 

UCI 

60 

THEN 

GO 

TO 

11300 

010100 

IF 

UCI 

60 

AND 

UCI 

70 

THEN 

GO 

TO 

11300 

010200 

IF 

UCI 

70 

AND 

UCI 

80 

THEN 

GO 

TO 

11300 

010300 

IF 

UCI 

80 

AND 

UCI 

90 

THEN 

GO 

TO 

11300 

010400 

IF 

UCI 

90 

AND 

UCI 

100  THEN  GO  TO  11300 

010500 

IF 

UCI 

100  AND  UCI 

110  THEN  GO  TO  11300 

010600 

IF 

UCI 

110  AND  UCI 

120  THEN  GO  TO  11300 
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010700  IF  UCI  120  AND  UCI  130  THEN  GO  TO  11300 

010800  IF  UCI  130  AND  UCI  140  THEN  GO  TO  11300 

010900  IF  UCI  140  AND  UCI  150  THEN  GO  TO  11300 

011000  IF  UCI  150  AND  UCI  160  THEN  GO  TO  11300 

011100  IF  UCI  160  THEN  GO  TO  11300 

011200  GO  TO  9100 

011300  TDI  =  TBCOS  +  TBI 

011400  TOTI  =  TTOT  ♦  TOTI 

011500  IF  UCI  =  20  THEN  GO  TO  13100 

011600  IF  UCI  =  30  THEN  GO  TO  13100 

011700  IF  UCI  =  40  THEN  GO  TO  13100 

011800  IF  UCI  =  50  THEN  GO  TO  13100 

011900  IF  UCI  =  60  THEN  GO  TO  13100 

012000  IF  UCI  =  70  THEN  GO  TO  13100 

017100  IF  UCI  =  80  THEN  GO  TO  13100 

012200  IF  UCI  =  90  THEN  GO  TO  13100 

017300  IF  UCI  =  100  THEN  GO  TO  13100 

012400  IF  UCI  =  110  THEN  GO  TO  13100 

017500  IF  UCI  =  120  THEN  GO  TO  13100 

012600  IF  UCI  =  130  THEN  GO  TO  13100 

017/00  IF  UCI  =  140  THEN  GO  TO  13100 

012800  IF  UCI  =  150  THEN  GO  TO  13100 

017900  IF  UCI  =  160  THEN  GO  TO  13100 

013000  GO  TO  13900 

013100  PRINT  USING  13200,  “ - - - " 

013700  FMT  C0L(102),CH(28) 

013300  PRINT  USING  13400,  “TOTAL  DIVISION  COSTS”,  TBI, TOTI 
013400  FHT  COL(l)  ,CH(,20) ,  COL(103),PIC (#########.#»).  C0LU16), 

013500 

013600  TBI  =  0 
013700  TOTI  =  0 
013800  * 

013900  IF  UCI  10  AND  UCI  20  THEN  GO  TO  15600 

014000  IF  UCI  20  AND  UCI  30  THEN  GO  TO  15800 

014100  IF  UCI  30  AND  UCI  40  THEN  GO  TO  16000 

014200  IF  UCI  40  AND  UCI  50  THEN  GO  TO  16200 

014300  IF  UCI  50  AND  UCI  60  THEN  GO  TO  16400 

014400  IF  UCI  60  AND  UCI  70  THEN  GO  TO  16600 

014500  IF  UCI  70  AND  UCI  80  THEN  GO  TO  16800 

014600  IF  UCI  80  AND  UCI  90  THEN  GO  TO  17000 

014/00  IF  UCI  90  AND  UCI  100  THEN  GO  TO  17200 
014800  IP  UCI  100  AND  UCI  110  THEN  GO  TO  17400 

014900  IF  UCI  110  AND  UCI  120  THEN  GO  TO  17600 

015000  IF  UCI  120  AND  UCI  130  THEN  GO  TO  17800 

015100  IF  UCI  130  AND  UCI  140  THEN  GO  TO  18000 

015200  IF  UCI  140  AND  UCI  150  THEN  GO  TO  18200 

015300  IF  UCI  150  AND  UCI  160  THEN  GO  TO  18400 

015400  IF  UCI  160  THEN  GO  TO  18600 
015500  GO  TO  18700 
015600  TBI  =  TBCOS  ♦  TBI 
015/00  GO  TO  18700 
015800  TB2  =  TBCOS  «•  TB2 
015900  GO  TO  18700 
016000  TB3  =  TBCOS  ♦  TB3 
016100  GO  TO  18700 
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016200  TB4  =  TBCOS  ♦  TB4 
016300  GO  TO  18700 
016400  TB5  =  TBCOS  ♦  TB5 
016500  GO  TO  18700 
016600  TB6  =  TBCOS  ♦  TB6 
016700  GO  TO  18700 
016800  TB7  =  TBCOS  +  TB7 
016900  GO  TO  18700 
017000  TB8  =  TBCOS  ♦  TB8 
017100  GO  TO  18700 
017200  TB9  =  TBCOS  +  TB9 
01/300  GO  TO  18700 
017400  TB10  =  TBCOS  +  TB10 
017500  GO  TO  18700 
017600  TB11  =  TBCOS  +  TB11 
017700  GO  TO  18700 
017800  TB12  =  TBCOS  *  TB12 
017900  GO  TO  18700 
018000  TB13  =  TBCOS  ♦  TB13 
018100  GO  TO  18700 
018200  TB14  =  TBCOS  *  TB14 
018300  GO  TO  18700 
018400  TB15  =  TBCOS  ♦  TB15 
018500  GO  TO  18700 
018600  TB16  =  TBCOS  ♦  TB16 
018700  * 

018800  PRINT 

018900  PRINT  USING  19100,  UCI,  CODE,  DES$,  CRF.W$,  OUT,  E,  UNITS , 

019000  BCOS,  TOT,  TBCOS,  TTOT 

019100  FNT  PIC(M//),PIC(M0//W),COL(12),CH<4O),COL(54),CH(5),COL(6O), 

019200  pic  t  imitn > ,  col <  6 1 ) ,  pic < mnmmn > ,  col ( 7 6 ) ,  ch  <  5  > ,  col ( 82 ) , 

019300  PIC (######.##),  C0L(92),PIC  (######.##),  COL(104), 

019400  PIC (########.##),  COL  (11 7),  PIC  (W/M//////.#//) 

019500  GO  TO  GET_LIST 
019600  * 

019700  NO_DATA: 

019800  PRINT  USING  19900,  M - " 

019900  FNT  C0L(102) ,CH(28) 

020000  PRINT  USING  20100,  "TOTAL  DIVISION  COSTS",  TBI.TOTI 
020100  FNT  COL(l)  ,CH(20) ,  COL(103)  ,PIC{ MMitMM.M) ,  C0L(116), 

020200  PIC (#########.##) 

020300  PRINT 
020400  PRINT 

020500  PRINT  USING  20600,  " - " 

020600  FNT  COL(102) ,CH(28) 

020700  PRINT  USING  20800,  "TOTAL  PROJECT  COSTS",  TBCOSI,  TTOTI 
020800  FNT  COL(l)  ,CH{19) ,  C0L(103) , PIC (////////#////////.////)  .  C0L(116), 

020900  PIC (#########.##) 

021000  CLOSE  //I 
021100  * 

021200  SELECT  WS 
021300  PRINT 

021400  PRINT  "THE  FOLLOWING  ITENS  ARE  FACTORS  TO  CONSIDER.  THIS" 
021500  PRINT  "PROGRAN  WILL  DEFAULT  TO  THE  VALUES  INDICATED  BELOW" 
021600  PRINT  "IF  YOU  DO  NOT  WISH  TO  CHANGE  THE  VALUES.  PRESS  ENTER" 
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021700 

STOP 

021800 

PRINT 

021900 

PRINT 

022000 

PRINT 

022100 

PRINT  1 

022200 

PRINT 

022300 

PRINT 

022400 

PRINT 

022500 

PRINT 

022600 

PRINT 

022700 

PRINT 

022800 

PRINT 

022900 

PRINT 

023000 

PRINT 

023100 

PRINT 

023200 

PRINT 

023300 

PRINT 

023400 

PRINT 

023500 

INPUT 

023600 

IF  0$  : 

023700 

IF  D$  : 

023800 

OVER  = 

023900 

PERF  = 

024000 

WCOMP  ; 

024100 

INS  = 

024200 

FICA  = 

024300 

UNEMP 

024400 

MATI  = 

02450C 

PROF  = 

024600 

GO  TO  : 

024700 

PRINT 

024800 

PRINT 

024900 

INPUT 

025000 

OVER 

025100 

INPUT 

025200 

INPUT 

025300 

INPUT 

025400 

INS 

025500 

INPUT 

025600 

INPUT 

025700 

INPUT 

025800 

INPUT 

025900 

LAB  = 

026000 

MATE  = 

026100 

TOVER 

026200 

TPERF 

026300 

TWCOMP 

026400 

TINS  = 

026500 

TFICA 

026600 

TUNEMP 

026700 

TMAT  = 

026800 

TPROF 

026900 

PROJ  = 

027000 

TPROF 

027100 

TPROF 

&  PUBLIC  LIA.  INS.  =  1.21  OF  LABOR  COSTS. 


THEN  GO  TO  23800 


25 


=  .0903 
.012 
.077 
=  .036 
.040 
.10 


&  PUBLIC  LIA.  INS.  <X  OF  LABOR  COSTS)  , 


6  *  TBCOSI 
.4  *  TBCOSI 
:  OVER  *  TBCOSI 
:  PERF  *  (TBC0SI/1000 ) 

=  WCOMP  *  LAB 
INS  *  LAB 
:  FICA  *  LAB 
=  UNEMP  *  LAB 
MATI  *  MATE 
:  PROF  *  TBCOSI 

TOVER  +  TPERF  +  TWCOMP  ♦  TINS  +  TFICA  +  TUNEMP  +  THAT  t- 
.  PROJ  ♦  TBCOSI 
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027200 

027300 

027400 

027500 

027600 

027700 

027800 

027900 

028000 

028100 

028200 

028300 

028400 

028500 

028600 

028700 

028800 

028900 

029000 

029100 

029200 

029300 

029400 

029500 

029600 

029700 

029800 

029900 

030000 

030100 

030200 

030300 

030400 

030500 

030600 

030700 

030800 

030900 

031000 

031100 

033200 

031300 

031400 

031500 

031600 

031700 

031800 

031900 

032000 

032100 

032200 

032300 

032400 

032500 

032600 


FACA  =  0 
FACB  =  0 
FACC  =  0 
FACD  =  0 

ADDAl  =  “NOT  USED" 

ADDB$  =  "NOT  USED" 

ADDEI  =  "NOT  USED" 

ADDDI  =  "NOT  USED" 

INPUT  "DO  YOU  WISH  TO  ADD  ANY  OTHER  FACTORS  (  Y  OR  N  )  =  ",F| 

IF  F|  =  "Y"  THEN  GO  TO  28300 
IF  F$  =  "N”  THEN  GO  TO  30400 

INPUT  “ENTER  NAME  OF  FACTOR  (LIMIT  TO  30  CHARACTERS)  =", ADDAl 
INPUT  “ENTER  1  OF  TOTAL  COST  FOR  THE  FACTOR  =",FACA 
TFACA  =  FACA  *  TBCOSI 

INPUT  "DO  YOU  WISH  TO  ADD  ANY  OTHER  FACTORS  (  Y  OR  N  )  =  ”,F| 

IF  F|  =  “Y“  THEN  GO  TO  28900 

IF  F$  =  “N"  THEN  GO  TO  30400 

INPUT  “ENTER  NAME  OF  FACTOR  (LIMIT  TO  30  CHARACTERS)  =",ADDB| 

INPUT  "ENTER  t  OF  TOTAL  COST  FOR  THE  FACTOR  =",FACB 
TFACB  =  FACB  *  TBCOSI 

INPUT  "DO  YOU  WISH  TO  ADD  ANY  OTHER  FACTORS  (  Y  OR  N  )  =  ",F| 

IF  F$  =  "Y"  THEN  GO  TO  29500 

IF  FI  =  "N"  THEN  GO  TO  30400 

INPUT  "ENTER  NAME  OF  FACTOR  (LIMIT  TO  30  CHARACTERS)  =" ,ADDE| 
INPUT  “ENTER  X  OF  TOTAL  COST  FOR  THE  FACTOR  =",FACE 
TFACC  =  FACC  *  TBCOSI 

INPUT  "DO  YOU  .WISH  TO  ADD  ANY  OTHER  FACTORS  (  Y  OR  N  )  =",F| 

IF  F|  =  "Y"  THEN  GO  TO  30100 

IF  F|  =  "N"  THEN  GO  TO  30400 

INPUT  "ENTER  NAME  OF  FACTOR  (LIMIT  TO  30  CHARACTERS)  =", ADDDI 
INPUT  "ENTER  X  OF  TOTAL  COST  FOR  THE  FACTOR  =",FACD 
TFACD  =  FACD  *  TBCOSI 
TTFAC  =  TFACA  *  TFACB  +  TFACC  «•  TFACD 
TTPROJ  =  TTFAC  *  TPROJ 
* 

SELECT  PRINTER 
* 

PRINT  PAGE 

PRINT  “PROJECT  NAME:  “,K| 

PRINT  "PROJECT  NUMBER:  ”,L| 

PRINT 

PRINT  “*********************'*******************'*'****'****'*********  j 
*****************************************************************1 
***»**>■ 

PRINT  "*  ! 

j 

*>• 

PRINT  "*  PROJECT  SUMMARY  ! 

! 

PRINT  "*  ! 

j 

*" 

PRINT  "**********'********'*'*********'************************■***'*'**  j 

******** **** **** **** w********** ******************************** **  j 
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032700  ******" 

032800  PRINT 

032900  PRINT  USING  33000 , "SPECIFICATION  DIVISION" , "TOTAL  BARE  COSTS" 
033000  KMT  C0L(6) ,CH{22) ,  C0L(48) ,CH(16) 

033100  PRINT  USING  34700, "DIVISION  1  GENERAL  CONDITIONS" ,TB1 

033200  PRINT  USING  34700 , "DIVISION  2  SITE  W0RK",TB2 

033300  PRINT  USING  34700 , "DIVISION  3  CONCRETE" ,TB3 

033400  PRINT  USING  34700 , "DIVISION  4  MASONRY", TB4 

033500  PRINT  USING  34700 , “DIVISION  5  METALS", TB5 

033600  PRINT  USING  34700 , "DIVISION  6  WOOD  &  PLASTICS" ,TB6 

033700  PRINT  USING  34700 , "DIVISION  7  MOISTURE  &  THERMAL  PROTECTION" , TB7 

033800  PRINT  USING  34700 , “DIVISION  8  DOORS,  WINDOWS  &  GLASS ",TB8 

033900  PRINT  USING  34700 , "DIVISION  9  FINISHES" ,TB9 

034000  PRINT  USING  34700 , "DIVISION  10  SPECIALTIES" ,TB10 

034100  PRINT  USING  34700, "DIVISION  11  EQUIPMENT" ,TB11 

034200  PRINT  USING  34700 , “DIVISION  12  FURNISHINGS" ,TB3 2 

034300  PRINT  USING  34700, "DIVISION  13  SPECIAL  CONSTRUCTION" ,TB13 

034400  PRINT  USING  34700 , "DIVISION  14  CONVEYING  SYSTEMS" ,TB14 

034500  PRINT  USING  34700 , "DIVISION  15  MECHANICAL" ,TB1 5 

034600  PRINT  USING  34700 , "DIVISION  16  ELECTRICAL" ,TB16 

034700  FHT  COL(l)  ,CH(41) ,  COL(SO)  ,?IC  UHtttltttttlHttt  .tttt) 

034800  PRINT  USING  34900,  " - " 

034900  FHT  C0L(48) ,CH(15) 

035000  PRINT  USING  35100,  “TOTAL  BARE  COSTS" ,TBCOSI ,  TBCOSI 

035100  FMT  COL(l) ,CH(17) ,  C0L(50),PIC UHHHHHHHHt  .tttt)  COL(80),  ! 

035200  PIC UWtttttHHHHt.il ft) 

035300  PRINT 

035400  PRINT  USING  035500,  "OVERHEAD/PROFIT  FACTORS" 

035500  FHT  C0L16) ,CH(25) 

035600  PRINT  USING  36400 , "OVERHEAD  FOR  GENERAL  CONTRACTOR" .OVER,  TOVER 
035700  PRINT  USING  36400 , "PERFORMANCE  BOND  ($$/THOUSAND) " ,PERF,  TPEKF 
035800  PRINT  USING  36400, "WORKER'S  COMPENSATION" .WCOHP ,  TWCOMP 
035900  PRINT  USING  36400 , “BUILDERS  RISK  &  PUBLIC  LIA .  INS." , INS,  TINS 
036000  PRINT  USING  36400 , "SOCIAL  SECURITY  TAX",FICA,  TFICA 
036100  PRINT  USING  36400 , "UNEMPLOYMENT  TAX",UNEHP,  TUNEHP 
036200  PRINT  USING  36400 , “MATERIAL  TAX" ,HATI ,  THAT 
036300  PRINT  USING  36400, "PROFIT" .PROF,  TPROF 

036400  FMT  COL(l)  ,CH(33) ,  COL(35),PIC  UHt.lHHHt).  C0L(50)  ,  PIC  UHHHHHI  tttttt .  Hit) 

036500  PRINT  USING  36600,  “ - " 

036600  FMT  COL(48) ,CH(15) 

036700  PRINT  USING  36800,  "TOTAL  OVERHEAD/PROFIT" ,PROJ ,  PROJ 

036800  FMT  COL(l)  ,CH(22) ,  C0L(50),PIC(W/WW.»),  COL(80),  ! 

036900  PICUttttHHHHttttt.tttt) 

037000  PRINT 

037100  PRINT  USING  37200,  "OTHER  FACTORS" 

037200  FMT  COL( 6 ) ,CH(15 ) 

037300  PRINT  USING  37700,  ADDA$ ,  FACA,  TFACA 

037400  PRINT  USING  37700,  ADDB$,  FACB,  TFACB 

037500  PRINT  USING  37700,  ADDE$,  FACC,  TFACC 

037600  PfUNT  USING  37700,  ADDD$ ,  FACD ,  TFACD 

037700  FMT  COL(l)  ,CH(30) ,  COL(35),PIC  UHt. tttttt),  C0L(50),PtC  UHHHHHHHHt .  Hit) 

037800  PRINT  USING  37900,  " - " 

037900  FMT  C0L{48) ,CH(15) 

038000  PRINT  USING  38100,  "TOTAL  ADDITIONAL  FACTORS" ,TTF AC,  TTFAC 
038100  FMT  COL{ 1 ) ,CH(25 ) ,  COL(50),PIC  UHHHHHHHHt  .tttt) ,  COL(80),  ! 
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APPENDIX  D:  PERSONAL  INTERVIEWS 


1.  Anderson,  Blaine,  GS-11,  Mechanical  Engineer.  Personal  interview. 
Estimating,  12  February  1986. 

2.  Campbell,  Joan  A.,  GS-9,  Electrical  Engineer.  Personal  interview. 
Estimating,  26  February  1986. 

3.  Cowan,  Lynwood  W. ,  lit,  Civil  Engineer.  Personal  interview. 
Estimating,  12  February  1986. 

4.  Eutrekin,  Walter  E.,  GS-11,  Base  Architect.  Personal  interview. 
Estimating,  26  February  1986. 

5.  Gaisford,  David  I.,  1LT,  Architectural  Engineer.  Personal  interview. 
Estimating,  12  February  1986. 

6.  Flilya,  Michael,  1LT,  Civil  Design  Engineer.  Personal  interview. 
Estimating,  26  February  1986. 

7.  Jackson,  Steve,  2LT,  Architectural  Engineer.  Personal  interview. 
Estimating,  12  February  1986. 

8.  Kontess,  William  G.,  2LT,  Base  Architect.  Personal  interview. 
Estimating,  12  February  1986. 

9.  Lacatus,  Joseph,  2LT,  Electrical  Design  Engineer.  Personal  interview. 
Estimating,  12  February  1986. 

10.  Morgan,  Kevin  L. ,  GS-7,  Civil  Engineer.  Personal  interview. 
Estimating,  26  February  1986. 

11.  Parham,  Johnny,  1LT,  Civil  Engineer.  Personal  interview.  Estimating, 
26  February  1986. 

12.  Soderlund,  Bruce  R.,  GS-11,  Electrical  Engineer.  Personal  interview. 
Estimating,  12  February  1986. 

13.  Young  Don,  GS-7,  Civil  Engineer.  Personal  interview.  Estimating, 

26  February  1986. 
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